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impound Interest 

i = Interest rate per interest period*. 

F 

n = Number of interest periods. 

P — A present sum of money. 

F = A future sum of money. The future sum F is an amount, n interest periods from the present, 
that is equivalent to P with interest rate i . 

A = An end-of-period cash receipt or disbursement in a uniform series continuing for n periods, the 
entire series equivalent to P or F at interest rate i. 

G = Uniform period-by-period increase or decrease in cash receipts or disbursements; the arithmetic 
gradient. 

g — Uniform rate of cash flow increase or decrease from period to period; the geometric gradient. 
r = Nominal interest rate per interest period*. 
m — Number of compounding subperiods per period*. 

P, F - Amount of money flowing continuously and uniformly during one given period. 
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In the first edition of this book we said: 

This book is designed to teach the fundamental concepts of engineering economy to 

engineers. By limiting the intended audience to engineers it is possible to provide an 

expanded presentation of engineering economic analysis and do it more concisely than 

if the book were written for a wider audience. 

Our goal was, and still is, to provide an easy to understand and up-to-date presentation 
of engineering economic analysis. That means die book’s writing style must promote the 
reader’s understanding. We most humbly find that our approach has been well received 
by engineering professors — and more importantly — by engineering students through eight 
previous editions. 

This edition has significant improvements in coverage: 

* Appendix 7 A (Difficulties in Solving for an Interest Rate) has been thoroughly revised 
to use the power of spreadsheets to identify and resolve multiple root problems. 

11 Chapter 10 (Probability and Uncertainty) has been completely rewritten to empha- 
size how to make good choices by considering the uncertainty that is part of every 
engineering economy application. 

* Chapter 1 2 (Income Taxes) has been updated to reflect 2003 tax legislation and rates. 
Chapter 13 (Replacement Analysis) has been rewritten to clarify the comparison of 
existing assets with newer alternatives. 

° Chapter 1 8 (Accounting and Engineering I conomy) has been added in response to 
adopter requests. 

In this edition, we have also made substantial changes to increase student interest and 
understanding. These include: 

s Chapter-opening vignettes have been added to illustrate real-world applications of 
the questions being studied. 

* Chapter learning objectives are included to help students check their comprehension 
of the chapter material. 

* The end-of-chapter problems have been reorganized and updated throughout. 

* The interior design is completely reworked, including the use of color, to improve 
readability and facilitate comprehension of the material. 
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® Appendix 7 A (Difficulties in Solving for an Interest Rate) has been thoroughly revised 
to use the power of spreadsheets to identify and resolve multiple root problems. 

* Chapter 10 (Probability and Uncertainty) has been completely rewritten to empha- 
size how to make good choices by considering the uncertainty that is part of every 
engineering economy application. 

a Chapter 12 (Income Taxes) has been updated to reflect 2003 tax legislation and rates. 

6 Chapter 1 3 (Replacement Analysis) has been rewritten to clarify the comparison of 
existing assets with newer alternatives. 

1 Chapter 18 (Accounting and Engineering Economy) has been added in response to 
adopter requests. 

In this edition, we have also made substantial changes to increase student interest and 
understanding. These include: 

* Chap ter- opening vignettes have been added to illustrate real-world applications of 
the questions being studied. 

* Chapter learning objectives are included to help students check their comprehension 
of the chapter material. 

B The end-of-cbapter problems have been reorganized and updated throughout. 

® The interior design is completely reworked, including the use of color, to improve 
readability and facilitate comprehension of the material. 
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The supplement package for this text has been updated and expanded for this edition. For 
students: 

° A completely rewritten Study Guide by Ed Wheeler of the University of Tennessee, 
Martin. 

® Spreadsheet problem modules on CD by Thomas Lacksonen of the University of 

Wisconsin-Stout. 

« Interactive multiple-choice problems on CD by William Smyer of Mississippi State 
University- 

For instructors: 

" A substantially enlarged exam file edited by Meenakshi Sundaram of Tennessee 
Technological University. 

» PowerPoint lecture notes for key chapters by David Mandeville of Oklahoma State 
University- 

» Instructor’s Manual by the authors with complete solutions to all end-of-chapter 
problems. 

a The compound interest tables from the textbook are available in print or Excel format 
for adopting professors w'ho prefer to give closed book exams. 

For students and instructors: 

° A companion website is available with updates to these supplements at www.oup.com/ 
us/engineeringeconomy 

This edition maintains the approach to spreadsheets that was established in the previous 
edition. Rather than relying on spreadsheet templates, the emphasis is on helping students 
learn to use the enormous capabilities of software that is available on every computer. This 
approach reinforces the traditional engineering economy factor approach, as the equivalent 
spreadsheet functions (PMT, PV, RATE, etc.) are used frequently. 

For those students who would benefit from a refresher or introduction on how to write 
good spreadsheets, there is an appendix to introduce spreadsheets . In Chapter 2, spreadsheets 
are used to draw cash flow diagrams. Then, from Chapter 4 to Chapter 15, every chapter 
has a concluding section on spreadsheet use. Each section is designed to support the other 
material in the chapter and to add to the student’s knowledge of spreadsheets. If spreadsheets 
are used, the student will be very well prepared to apply this tool to real-world problems 
after graduation. 

This approach is designed to support a range of approaches to spreadsheets. Professors 
and students can rely on the traditional tools of engineering economy and, without loss of 
continuity, completely ignore the material on spreadsheets. Or at the other extreme, profes- 
sors can introduce the concepts and require all computations to be done with spreadsheets. 
Or a mix of approaches depending on the professor, students, and particular chapter may- 
be taken. 
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After Completing This Chapter... 

The student should be able to: 

0 Distinguish between simple and complex problems. 

Discuss the role and purpose of engineering economic analysis. 

Describe and give examples of the nine steps in the economic decision making process. 
Select appropriate economic criteria for use with different type of problems. 

° Solve simple problems associated with engineering decision making. 



Questions to Consider 

1. How did the cost and weight of fireproofing material affect the engineers decision 
making when the Twin Towers were being constructed? 

2. How much should a builder be expected to spend on improved fireproofing, given the 
unlikelihood of an attack on the scale of 9/1 1? 

3. How have perceptions of risk changed since the 9/1 .1 attacks, and how might this affect 
future building design decisions? 
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Could the World Trade Center Have Withstood 
the 9/11 Attacks? 

In the immediate aftermath of the terrorist attacks of September 11, 2001, most commen- 
tators assumed that no structure, however well built, could have withstood the damage 
inflicted by fully fueled passenger jets traveling at top speed. 

But questions soon began to be raised. Investigators scrutinizing 
the towers’ collapse noted that they had withstood the initial impact 
with amazing resiliency. What brought them down was the fires that 
followed. Knowledgeable investigators noted that the rapid progress of 
the Twin Towers’ fires showed similarities with earlier high-rise blazes 
that had resulted from more mundane causes, suggesting that better fire 
prevention measures could have saved the buildings from crumbling. 

In spring 2002, a report drafted by the Federal Emergency Manage- 
ment Agency and the American Society of Civil Engineers suggested 
that the light, fluffy spray-applied fireproofing used throughout the tow- 
ers might have been particularly vulnerable to damage from an impact 
or bomb blast. Sturdier material had been available, but it would have 
added significant weight to the building. 
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MAKING ECONOMIC DECISIONS 
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This book is about making decisions. Decision making is a broad topic, for it is a major 
aspect of everyday human existence. This book develops the tools to properly analyze and 
solve the economic problems that are commonly faced by engineers. Even very complex 
situations can be broken down into components from which sensible solutions are pro- 
duced. If one understands the decision-making process and has tools for obtaining realistic 
comparisons between alternatives, one can expect to make better decisions. 

Although we will focus on solving problems that confront firms in the marketplace, 
we will also use examples of how these techniques may be applied to the problems faced in 
daily life. Since decision making or problem solving is our objective, let us start by looking 
at some problems. 



A Sea of Problems 

A careful look at the world around us clearly demonstrates that we are surrounded by a sea 
of problems. There does not seem to be any exact way of classifying them, simply because 
they are so diverse in complexity and “personality.” One approach would be to arrange 
problems by their difficulty. 

Simple Problems 

On the lower end of our classification of problems are simple situations. 

G Should I pay cash or use my credit card? 
a Do I buy a semester parking pass or use the parking meters? 

Shall we replace a burned-out motor? 

If we use three crates of an item a week, how many crates should we buy at a time? 
These are pretty simple problems, and good solutions do not require much time or effort. 

Intermediate Problems 

At the middle level of complexity we find problems that are primarily economic. 

Shall I buy or lease my next car? 

~ Which equipment should be selected for a new assembly line? 

* Which materials should be used as roofing, siding, and structural support for a new 
building? 

® Shall I buy a 1- or 2-semester parking pass? 

° Which printing press should be purchased? A low-cost press requiring three opera- 
tors, or a more expensive one needing only two operators? 

Complex Problems 

At the upper end of our classification system we discover problems that are indeed complex. 
They represent a mixture of economic , political, and humanistic elements. 

° The decision of Mercedes-Benz to build an automobile assembly plant in Tuscaloosa, 
Alabama, illustrates a complex problem. Beside the economic aspects, Mercedes- 
Benz had to consider possible reactions in the American auto industry. Would tile 
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German government pass legislation to prevent the overseas plant? What about 
German labor unions? 

0 The selection of a girlfriend or a boyfriend (who may later become a spouse) is 
obviously complex. Economic analysis can be of little or no help. 

9 The annual budget of a corporation is an allocation of resources, but the budget pro- 
cess is heavily influenced by noneconomic forces such as power struggles, geograph- 
ical balancing, and impact on individuals, programs, and profits. For multinational 
corporations there are even national interests to be considered. 

The Role of Engineering Economic Analysis 

Engineering economic analysis is most sui table for intermediate problems and the economic 
aspects of complex problems. They have these qualities: 

1. The problem is important enough to justify our giving it serious thought and effort. 

2. The problem can’t be worked in one’s head — that is, a careful analysis requires that 
we organize the problem and all the various consequences, and this is just too much 
to be done all at once. 

3. The problem has economic aspects important in reaching a decision. 

When problems meet these three criteria, engineering economic analysis is an appropri- 
ate technique for seeking a solution. Since vast numbers of problems that one will encounter 
in the business world (and in one’s personal life) meet these criteria, engineering economic 
analysis is often required. 

Examples of Engineering Economic Analysis 

Engineering economic analysis focuses on costs, revenues, and benefits that occur at dif- 
ferent times. For example, when a civil engineer designs a road, a dam, or a building, the 
construction costs occur in the near future; the benefits to users begin only when construction 
is finished, but then the benefits continue for a long time. 

In fact nearly everything that engineers design calls for spending money in the design 
and building stages, and after completion revenues or benefits occur — usually for years. 
Thus the economic analysis of costs, benefits, and revenues occurring over time is called 
engineering economic analysis. 

Engineering economic analysis is used to answer many different questions. 

s Which engineering projects are worthwhile? Has the mining or petroleum engineer 
shown that the mineral or oil deposit is worth developing? 

* Which engineering projects should have a higher priority? Has the industrial engi- 
neer shown which factory' improvement proj sets should be funded with the available 
dollars? 

e How should the engineering project be designed? Has the mechanical or electrical 
engineer chosen the most economical motor size? Has the civil or mechanical engi- 
neer chosen the best thickness for insulation? Has the aeronautical engineer made 
the best trade-offs between 1) lighter materials that are expensive to buy but cheaper 
to fly and 2) heavier materials that are cheap to buy and more expensive to fly? 
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Engineering economic analysis can also be used to answer questions that are personally 
j mportant. 

* How to achieve long-term financial goals: How much should you save each month 
to buy a house, retire, or fund a trip around the world? Is going to graduate school 
a good investment — Will your additional earnings in later years balance your lost 
income while in graduate school? 

» How to compare different ways to finance purchases: Is it better to finance your 
car purchase by using the dealer’s low interest rate loan or by taking the rebate and 
borrowing money from your bank or credit union? 

o How to make short and long-term investment decisions: Is a higher salary better than 
stock options? Should you buy a I- or 2-semester parking pass? 



The Decision-Making Process 

Decision making may take place by default; that is, a person may not consciously recognize 
that an opportunity for decision making exists. This fact leads us to a first element in a 
definition of decision making. To have a decision-making situation, there must be at least 
two alternatives available. If only one course of action is available, there can be no decision 
making, for there is nothing to decide. There is no alternative but to proceed with the single 
available course of action. (It is rather unusual to find that there are no alternative courses 
of action. More frequently, alternatives simply are not recognized.) 

At this point we might conclude that the decision-making process consists of choosing 
from among alternative courses of action. But this is an inadequate definition. Consider the 
following: 

At a race track, a bettor was uncertain about which of the five horses to bet on in the 
next race. He closed his eyes and pointed his finger at the list of horses printed in the 
racing program. Upon opening his eyes, he saw that he was pointing to horse number 4. 

He hurried off to place his bet on that horse. 

Does the racehorse selection represent the process of decision making? Yes, it clearly 
was a process of choosing among alternatives (assuming the bettor had already ruled out 
the “do-nothing” alternative of placing no bet). But the particular method of deciding seems 
inadequate and irrational. We want to deal with rational decision making. 

Rational Decision Making 

Rational decision making is a complex process that contains nine essential elements, which 
are shown sequentially in Figure 1-1. Although these nine steps are shown sequentially, 
it is common for decision making to repeat steps, take them out of order, and do steps 
simultaneously. For example, when a new alternative is identified, then more data will be 
required. Or when the outcomes are summarized, it may become clear that the problem 
needs to be redefined or new goals established. 

The value of this sequential diagram is to show all the steps that are usually required, 
and to show them in a logical order. Occasionally we will skip a step entirely. For example, 
a new alternative may be so clearly superior that it is immediately adopted at Step 4 without 
further analysis. The following sections describe the elements listed in Figure 1-1. 
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FIGURE 1- 1 One possible flowchart of the 
decision process. 




1. Recognize the Problem 

The starting point in rational decision making is recognizing that a problem exists. 

Some years ago, for example, it was discovered that several species of ocean fish 
contained substantial concentrations of mercury. The decision-making process began with 
this recognition of a problem, and the rush was on to determine what should be done. 
Research revealed that fish taken from the ocean decades before and preserved in laboratories 
also contained similar concentrations of mercury. Thus, the problem had existed for a long 
time but had not been recognized. 

In typical situations, recognition is obvious and immediate. An auto accident, an over- 
drawn check, a bumed-out motor, an exhausted supply of parts all produce the recognition 
of a problem. Once we are aware of the problem, we can solve it as best we can. Many firms 
establish programs for total quality management (TQM) or continuous improvement (Cl) 
that are designed to identify problems, so that they can be solved. 

2. Define the Coal or Objective 

The goal or objective can be a grand, overall goal of a person or a firm. For example, a 
personal goal could be to lead a pleasant and meaningful life, and a firm’s goal is usually 
to operate profitably. The presence of multiple, conflicting goals is often the foundation of 
complex problems. 

But an objective need not be a grand, overall goal of a business or an individual. It 
may be quite narrow and specific: “I want to pay off the loan on my car by May,” or "The 
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plant must produce 300 golf carts in the next 2 weeks,” are more limited objectives. Thus, 
defining the objective is the act of exactly describing the task or goal. 



3. Assemble Relevant Data ' ’ 

To make a good decision, one must first assemble good information. In addition to all the 
published information, there is a vast quantity of information that is not written down any- 
where but is stored as individuals’ knowledge and experience. There is also information that 
remains ungathered. A question like “How many people in your town would be interested 
in buying a pair of left-handed scissors?” cannot be answered by examining published data 
or by asking any one person. Market research or other data gathering would be required to 
obtain the desired information. 

From all this information, what is relevant in a specific decision-making process? 
Deciding which data are important and which are not may be a complex task. The availability 
of data further complicates this task. Some data are available immediately at little or no 
cost in published form; other data are available by consulting with specific knowledgeable 
people; still other data require surveys or research to assemble the information. Some data 
will be of high quality — that is, precise and accurate, while other data may rely on individual 
judgment for an estimate, 

If there is a published price or a contract, the data may be known exactly. In most 
cases, the data is uncertain. '/Ghat will it cost to build the dam? How many vehicles will 
use the bridge next year and in year 20? How fast will a competing firm introduce a 
competing product? How will demand depend on growth in the economy? Future costs and 
revenues are uncertain, and the range of likely values should be part of assembling relevant 
data. 

The problem’s time horizon is part of the data that must be assembled. How long will 
the building or equipment last? How long will it be needed? Will it be scrapped, sold, 
or shifted to another use? In some cases, such as for a road or a tunnel, the life may be 
centuries with regular maintenance and occasional re-building. A shorter time period, such 
as 50 years, may be chosen as the problem’s time horizon, so that decisions can be based 
on more reliable data. 

In engineering decision making, an important source of data is a firm s own account- 
ing system. These data must be examined quite carefully. Accounting data focuses on 
past information, and engineering judgment must often be applied to estimate current 
and future values. For example, accounting records can show the past cost of buying 
computers, but engineering judgment is required to estimate the future cost of buying 
computers, 

Financial and cost accounting fire designed to show accounting values and the flow 
of money — specifically costs and benefits — in a company’s operations. Where costs are 
directly related to specific operations, there is no difficulty; but there are other costs that are 
not related to specific operations. These indirect costs, or overhead, are usually allocated 
to a company’s operations and products by some arbitrary method. The results are gener- 
ally satisfactory for cost-accounting purposes but may be unreliable for use in economic 
analysis. 

To create a meaningful economic analysis, we must determine the true differences 
between alternatives, which might require some adjustment of cost- accounting data. The 
following example illustrates this situation. 
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The cost-accounting records of a large company show the average monthly costs for the three- 
person printing department. The wages of the three- department members and benefits, such as 
vacation and sick leave, make up the first category of direct labor. The company’s indirect or 
overhead costs — such as heat, electricity, and employee insurance — -must be distributed to its 
various departments in some manner and, like many other firms, this one uses floor space as the 
basis for its allocations. 



Direct labor (including employee benefits) 


$ 6,000 


Materials and supplies consumed 


7,000 


Allocated overhead costs: 




200 m 2 of floor area at $25/m 2 


5,000 




$18,000 



The printing department charges the other departments for its services to recover its $18,000 
monthly cost. For example, the charge to run 1000 copies of an announcement is: 

Direct labor $ 7.60 

Materials and supplies 9.80 

Overhead costs 9.05 



Cost to other departments $26.45 

The shipping department checks with a commercial printer which would print the same 1000 
copies for $22.95. Although the .shipping department, needs only about 30,000 copies printed a 
month, its foreman decides to stop using the printing department and have the work done by the 
outside printer. The in-house printing department objects to this. As a result, the general manager 
has asked you to study the situation and recommend what should be done. 




Much of the printing department’s output reveals the company’s costs, prices, and other finan- 
cial information. The company president considers the printing department necessary to prevent 
disclosing such information to people outside the company. 

A review of the cost- accounting charges reveals nothing unusual. The charges made by the 
printing department cover direct labor, materials and supplies, and overhead. The allocation of 
indirect costs is a customary procedure in cost- accounting systems, but it is potentially misleading 
for decision making, as the following discussion indicates. 
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Printing Department 


Outside Printer 


1 000 
Copies 


30,000 

Copies 


1 000 
Copies 


30,000 

Copies 


Direct labor 


$ 7.60 


$228.00 






Materials and supplies 


9.80 


294.00 


S22.95 


$688.50 


Overhead costs 


9.05 


27 1 .50 








$26.45 


$793.50 


$22.95 


$688.50 
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* One might wish to invest in the stock market, but the total cost of the investment is 
not fixed, and neither are the benefits. 

s An automobile battery is needed. Batteries are available at different prices, and 
although each will provide the energy to start the vehicle, the useful lives of the 
various products are different. 



What should be the criterion in this category? Obviously, to be as economically efficient as 
possible, we must maximize the difference between the return from the investment (benefits) 
and the cost of the investment. Since the difference between the benefits aDd the costs is 
simply profit, a businessperson would define this criterion as maximizing profit. 

For the three categories, the proper economic criteria are: 



Category 
Fixed input 
Fixed output 
Neither input nor 
output fixed 



Economic Criterion 

Maximize the benefits or other outputs. 

Minimize the costs or other inputs. 

Maximize (benefits or other outputs minus costs 
or o titer inputs) or, stated another way, maximize 
profit. 



6. Constructing the Model 

At some point in the decision-making process, the various elements must be brought 
together. The objective , relevant data , feasible alternatives, and selection criterion must 
be merged. For example, if one were considering borrowing money to pay for an auto- 
mobile, there is a mathematical relationship between the following variables for the loan: 
amount, interest rate, duration, and monthly payment. 

Constructing the interrelationships between the decision-making elements is frequently 
called model building or constructing the model. To an engineer, modeling maybe a scaled 
physical representation of the real thing or system or a mathematical equation, or set of 
equations, describing the desired interrelationships. In a laboratory there may be a physical 
model, but in economic decision making, the model is usually mathematical. 

In modeling, it is helpful to represent only that part of the real system that is important 
to the problem at hand. Thus, the mathematical model of the student capacity of a classroom 
might be, 



Iw 

Capacity = — 

Ic 

where l — length of classroom, in meters 
w = width of classroom, in meters 
k = classroom arrangement factor 

The equation for student capacity of a classroom is a very simple model; yet it may be 
adequate for the problem being solved. 

7. Predicting the Outcomes for Each Alternative 

A model and the data are used to predict the outcomes for each feasible alternative. As 
was suggested earlier, each alternative might produce a variety of outcomes. Selecting a 
motorcycle, rather than a bicycle, for example, may make the fuel supplier happy, the 
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The shipping department would reduce its cost from $793.50 to $688.50 by using the outside 
printer. In that case, how much would the printing department $ costs decline? We will examine 
each of the cost components: 



1. Direct Labor. If the printing department had been working overtime, then the overtime 
could be reduced or eliminated. But, assuming no overtime, how much would the saving 
be? It seems unlikely that a printer could be fired or even put on less than a 40-hour work 
week. Thus, although there might be a $228 saving, it is much more likely that there will 
be no reduction in direct labor. 

2. Materials and Supplies. There would be a $294 saving in materials and supplies. 

^ 

3. A llocated Overhead Costs . There wiU be no reduction in the printing department’s monthly 
$5000 overhead, for there will be no reduction in department floor space. (Actually, of 
course, there may be a slight reduction in the firm's power costs if the printing department 
does less work.) 
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The firm will save $294 in materials and supplies and may or may not save $228 in direct 
labor if the printing department no longer does 'the shipping department work. The maximum 
saving would be $294 + 228 — $522. But if the shipping department is permitted to obtain 
its printing from the outside printer, the firm must pay $688.50 a month. The saving from not 

doing the shipping department work in the printing department would not exceed $522, and it 

. . ■ 
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Gathering cost data presents other difficulties. One way to look at the financial 
consequences — costs and benefits — of various alternatives is as follows. 

« Market Consequences. These consequences have an established price in the market- 
place. We can quickly determine raw material prices, machinery costs, labor costs, 
and so forth. 

= Extra-Market Consequences. There are other items that are not directly priced in 
the marketplace. But by indirect means, a price may be assigned to these items, 
(Economists call these prices shadow prices.) Examples might be the cost of an 
employee inj ury or the value to employees of going from a 5-day to a 4-day, 40-hour 
week. 

» Intangible Consequences. Numerical economic analysis probably never fully de- 
scribes the real differences between alternatives. The tendency to leave out con- 
sequences that do not have a significant impact on the analysis itself, or on the 
conversion of the final decision into actual money, is difficult to resolve or eliminate. 
How does one evaluate the potential loss of workers’ jobs due to automation? What 
is tire value of landscaping around a factory? These and a variety of other conse- 
quences may be left out of the numerical calculations, but they should be considered 
in conjunction with tire numerical results in reaching a decision. 
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4. Identify Feasible Alternatives 

One must keep in mind that unless the best alternative is considered, the result will always 
be suboptiraal. 1 Two types of alternatives are sometimes ignored. First, in many situations 
a do-nothing alternative is feasible. This may be the “Let’s keep doing what we are now 
doing," or the “Let’s not spend any money on that problem” alternative. Second, there are 
often feasible (but un glamorous) alternatives, such as “Patch it up and keep it running for 
another year before replacing it.” 

There is no way to ensure that the best alternative is among the alternatives being 
considered. One should try to be certain that all conventional alternatives have been listed 
and then make a serious effort to suggest innovative solutions. Sometimes a group of people 
considering alternatives in an innovative atmosphere — brainstorming — can be helpful. 
Even impractical alternatives may lead to a better possibility. The payoff from a new, 
innovative alternative can far exceed the value of carefully selecting between the existing 
alternatives. 

Any good listing of alternatives will produce both practical and impractical alternatives. 
It would be of little use, however, to seriously consider an alternative that cannot be adopted. 
An alternative may be infeasible for a variety of reasons. For example, it might violate 
fundamental laws of science, require resources or materials that cannot be obtained, or it 
might not be available in time, Only the feasible alternatives are retained for further analysis. 

5. Select the Criterion to Determine the Best Alternative 

The central task of decision making is choosing from among alternatives. How is the choice 
made? Logically, to choose the best alternative, we must define what we mean by best. 
There must be a criterion, or set of criteria, to judge which alternative is best. Now, we 
recognize that best is a relative adjective on one end of the following relative subjective 
judgment: 



Worst 


Bad 


Fair 


Good 


Better 


Best 



relative subjective judgment spectrum 



Since we are dealing in relative terms, rather than absolute values, the selection will 
be the alternative that is relatively the most desirable, Consider a driver found guilty of 
speeding and given the alternatives of a $175 fine or 3 days in jail. In absolute terms, neither 
alternative is good. But on a relative basis, one simply makes the best of a bad situation, 
There may be an unlimited number of ways that one might judge the various alternatives. 
Several possible criteria are: 

Create the least disturbance to the environment, 

Improve the distribution of wealth among people. 



1 A group of techniques called value analysis is sometimes used to examine past decisions. With the 
goal of identifying a better solution and, hence, improving decision making, value analysis reexamines 
the entire process that led to a decision viewed as somehow inadequate. 
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° Minimize die expenditure of money. 

* En s ure that the benefits to those who gain from the decision are greater than the losses 
of those who are harmed by the decision. 2 

° Minimize the time to accomplish the goal or objective. 

Minimize unemployment, 

’ Maximize profit. 

Selecting the criterion for choosing the best alternative will not be easy if different 
groups support different criteria and desire different alternatives. The criteria may conflict. 
For example, minimizing unemployment may require increasing the expenditure of money. 
Or minimizing environmental disturbance may conflict with minimizing time to complete 
the project, The disagreement between management and labor in collective bargaining 
(concerning wages and conditions of employment) reflects a disagreement over the objective 
and the criterion for selecting the best alternative. 

The last criterion — maximize profit — is the one normally selected in engineering de- 
cision making. When this criterion is used, all problems fall into one of three categories: 
fixed input, fixed output, or neither input nor output fixed. 

Fixed Input. The amount of money or other input resources (like labor, materials, or 
equipment) are fixed. The objective is to effectively utilize them. 

Examples: 

* A project engineer has a budget of $350,000 to overhaul a portion of a petroleum 
refinery. 

0 You have $300 to buy clothes for the start of school. 

For economic efficiency, the appropriate criterion is to maximize the benefits or other 
outputs. 

Fixed Output. There is a fixed task (or other output objectives or results) to be 
accomplished. 

Examples: 

* A civil engineering firm has been given the job of surveying a tract of land and 
preparing a “record of survey” map. 

* You wish to purchase a new car with no optional equipment. 

The economically efficient criterion for a situation of fixed output is to minimize the costs 
or other inputs. 

Neither Input nor Output Fixed. The third category is the general situation, in which the 
amount of money or other inputs is not fixed, nor is the amount of benefits or other outputs. 

Examples: 

0 A consulting engineering firm has more work available than it can handle. It is 
considering paying the staff for working evenings to increase the amount of design 
work it can perform. 



2 This is the Kaldor criterion. 
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neighbors unhappy, the environment more polluted, and one’s savings account smaller. But, 
to avoid unnecessary complications, we assume that decision making is based on a single 
criterion for measuring the relative attractiveness of the various alternatives. If necessary, 
one could devise a single composite criterion that is die weighted average of several different 
choice criteria. 

To choose the best alternative, the outcomes for each alternative must be stated in a 
comparable way. Usually the consequences of each alternative are stated in terms of money, 
that is, in the form of costs and benefits. This resolution of consequences is done with all 
monetary and nonmonetary consequences. The consequences can also be categorized as 
follows: 



Market consequences — where there are established market prices available 
Extra-market consequences — no direct market prices, so priced indirectly 
Intangible consequences — valued by judgment not monetary prices. 

In the initial problems we will examine, the costs and benefits occur over a short time 
period and can be considered as occurring at the same time. In other situations the various 
costs and benefits take place in a longer time period. The result may be costs at one point 
in time followed by periodic benefits. We will resolve these in the next chapter into a cash 
flow diagram to show the timing of the various costs and benefits. 

For these longer-term problems, the most common error is to assume that the current 
situation will be unchanged for the do-nothing alternative. For example, current profits 
will shrink or vanish as a result of the actions of competitors and the expectations of 
customers; and traffic congestion normally increases over the years as the number of vehicles 
increases — doing nothing does not imply that the situation will not change. 



8. Choosing the Best Alternative 

Earlier we indicated that choosing the best alternative may be simply a matter of determin- 
ing which alternative best meets the selection criterion. But the solutions to most problems 
in economics have market consequences, extra-market consequences, and intangible con- 
sequences. Since the intangible consequences of possible alternatives are left out of the 
numerical calculations, they should be introduced into the decision-making process at this 
point. The alternative to be chosen is the one that best meets the choice criterion after 
considering both the numerical consequences and the consequences not included in the 
monetary analysis. 

During die decision-making process certain feasible alternatives are eliminated because 
they are dominated by other, better alternatives. For example, shopping for a computer 
on-line may allow you to buy a custom -con figured computer for less money than a stock 
computer in a local store. Buying at the local store is feasible, but dominated. While elimi- 
nating dominated alternatives makes the decision-making process more efficient, there are 
dangers. 

Having examined the structure of the decision-making process, it is appropriate to 
ask, When is a decision made, and who makes it? If one person performs all the steps in 
decision making, then he is the decision maker. When he makes the decision is less clear. 
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The selection of the feasible alternatives may be the key item, with the rest of tire analysis 
a methodical process leading to the inevitable, decision. We can see that the decision may 
be drastically affected, or even predetermined, by the way in which the decision-making 
process is carried out. This is illustrated by the following example. 

Liz, a young engineer, was assigned to make an analysis of additional equipment needed 
for the machine shop. Tire single criterion for selection was that the equipment should 
be the most economical, considering both initial costs and future operating costs. A 
little investigation by Liz revealed three practical alternatives: 

1. A new specialized lathe 

2. A new general-purpose lathe 

3. A rebuilt lathe available from a used-equipment dealer 

A preliminary analysis indicated that the rebuilt lathe would be the most economical. 

Liz did not like the idea of buying a rebuilt lathe, so she decided to discard that alter- 
native. She prepared a tvvo-altemative analysis that showed that the general-purpose 
lathe was more economical than the specialized lathe. She presented this completed 
analysis to her manager. The manager assumed that the two alternatives presented were 
the best of all feasible alternatives, and he approved Liz’s recommendation. 

At this point we should ask: Who was the decision maker, Liz or her manager? Although the 
manager signed his name at the bottom of the economic analysis worksheets to authorize 
purchasing the general-purpose lathe, he was merely authorizing what already had been 
made inevitable, and thus he was not the decision maker. Rather Liz had made the key 
decision when she decided to discard the most economical alternative from further consid- 
eration. The result was a decision to buy the better of the two less economically desirable 
alternatives. 

9. Audit the Results 

An audit of the results is a comparison of what happened against the predictions. Do the 
results of a decision analysis reasonably agree with its projections? If a new machine tool 
was purchased to save labor and improve quality, did it? If so, the economic analysis seems 
to be accurate. If the savings are not being obtained, what was overlooked? The audit may 
help ensure that projected operating advantages are ultimately obtained. On the other hand, 
the economic analysis projections may have been unduly optimistic. We want to know this, 
too, so that the mistakes that led to the inaccurate projection are not repeated. Finally, an 
effective way to promote realistic economic analysis calculations is for all people involved 
to know dial there will be an audit of the results! 



Engineering Decision. 1 Making tor Current Costs 

Some of the easiest forms of engineering decision making deal with problems of alternate 
designs, methods, or materials. If results of the decision occur in a very short period of 
time, one can quickly add up the costs and benefits for each alternative. Then, using the 
suitable economic criterion, the best alternative can be identified. Three example problems 
illustrate these situations. 
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A concrete aggregate mix is required to contain at least 31% sand by volume for proper batcliing. 
One source of material, which has 25% sand and 75% coarse aggregate, sells for $3 per cubic 
meter (nr). Another source, which has 40% sand and 60% coarse aggregate, sells for $4. 40/m 3 . 
Determine the least cost per cubic meter of blended aggregates. 




The least cost of blended aggregates will result from maximum use of the lower-cost material. 
The higher-cost material will be used to increase the proportion of sand up to the minimum level 
(31%) specified. 




x 



Thus the blended aggregates will contain 



Letx — 
1 — x = 



Sand Balance 



Portion of blended aggregates from S3. 00/m 3 source 
Portion of blended aggregates from $4. 40/m source 








A machine part is manufactured at a unit cost of 400 for material and \50 for direct labor. An 

investment of $500,000 in tooling is required. The order calls for 3 million pieces. Halfway 

through the order, a new method of manufacture can be pul into effect that will reduce the unit 

costs to 34^ for material and 1 0c for direct labor — but it will require $100,000 for additional 

tool inn . This tooling will not be useful for future orders. Other costs are- allocated at 2.5 times the 
v -- .. . 



direct labor cost. What, if anything, should be done? 

. 



w: 



A-v 






xm 






Hi 
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Since there is only one way to handle first 1.5 million pieces, our problem concerns only the 
second half of the order, 



Alternative A: Continue with Present Method 



Material cost 
Direct labor cost 
Other costs 



1,500,000 pieces x 0.40 
1,500,000 pieces x 0.15 
2.50 x direct labor cost = 



Cost for remaining 1,500,000 pieces 



$600,000 

225,000 

562,500 

$1,387,500 



Alternative B: Change the Manufacturing Method 

Additional tooling cost 

Material cost 1,500,000 pieces x 0.34 = 

Direct labor cost 1.500,000 pieces x 0. 10 = - 

Other costs 2.50 x direct labor cost = 

Cost for remaining 1,500.000 pieces 



$ 100,000 

510.000 

1 50.000 

375.000 



$1.1 35.000 



Before making a final decision, one should closely examine the Other costs to see that they 
do. in fact, vary as the Direct labor cost varies. Assuming they do, the decision would be to change 
the manufacturing method. 




In the design of a cold-storage warehouse, the specifications call for a maximum heat transfer 
through the warehouse walls of 30,000 joules per hour per square meter of wall when there is a 
30°C temperature difference between the inside surface and the outside surface of the insulation. 
The two insulation materials being considered are as follows: 



Insulation Material 

Rock w'ool 
Foamed insulation 



Cost per Cubic Meter 

$ 12.50 

14.00 



The basic equation for heat conduction through a wall is 



O = 



) 



Conductivity 

(J-m/nr-°C-hr) 

140 

110 



■ ^ 

where Q = heat transfer, in J/hr/nr of wall 
K conductivity in J-m/nr- ;> C-hr 
AT = difference in temperature between the two surfaces, in C 
L = thickness of insulating material, in meters 

Which insulation material should be selected? 
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There are two steps required to solve the problem. First, the required thickness of each of the 
alternate materials must be calculated. Then, since the problem is one of providing a fixed output 
(heat transfer through the wall limited to a fixed maximum amount), the criterion is to minimize 
the input (cost). ■ ' ; ’S ■ • 1-" 



Required Insulation Thickness 



Rock wool 



30.000 = 



140(30) 



Foamed insul ation 30.000 = 



1 10(30) 



L 



L — 0.14 m 



L = 0. 1 1 m 






■■■', ■■■ . 










Cost of Insulation per Square Meter of Wail 

Unit cost = Cosl/mt XilaSplation thickness, in meters 

v y ' :v '<C C 

; ,r :• .cC*-.;/; •: A?;; /yWv 



Rock wool Unit cost = $12,50 x 0, 14 m ~ $1 . 75/m' 

foamed insulation Unit cost = $14.00 x 0.J 1 m = $1 .54/nr 



,'.V ' V, ■ ' r r '. 



The foamed insulation is the lesser cost alternative. However, there is an intangible constraint that 



must be considered. How (hick is the available wall space' Engineering economy and the time 
value of money are needed to decide what the maximum heat transfer should be. What is the cost 
of more insulation versus the cost of cooling the warehouse over its life? 
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Summary 

Classifying Problems 

Many problems are simple and thus easy to solve. Others are of intermediate difficulty 
and need considerable thought and/or calculation to properly evaluate. These intermediate 
problems tend to have a substantial economic component, heoce are good candidates for 
economic analysis. Complex problems, on the other hand, often contain people elements, 
along with political and economic components. Economic analysis is still very important, 
but the best alternative must be selected considering all criteria — not just economics. 



The Decision-Making Process 

Rational decision making uses a logical method of analysis to select the best alternative from 
among the feasible alternatives. The following nine steps can be followed sequentially, but 
decision makers often repeat some steps, undertake some simultaneously, and skip others 
altogether. 

1. Recognize the problem. 

2. Define the goal or objective: What is the task? 

3. Assemble relevant data: What are the facts? Are more data needed, and is it worth 
more than the cost to obtain it? 

4. Identify feasible alternatives. 
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5. Select the criterion for choosing the best alternative: possible criteria include 
political, economic, environmental, and humanitarian. The single criterion may 
be a composite of several different criteria. 

6. Mathematically model the various interrelationships. 

7. Predict the outcomes for each alternative. 

8. Choose the best alternative. 

9. Audit the results. 

Engineering decision making refers to solving substantial engineering problems in 
which economic aspects dominate and economic efficiency is the criterion for choosing 
from among possible alternatives. It is a particular case of the general decision-making 
process. Some of the unusual aspects of engineering decision making are as follows: 

1. Cost-accounting systems, while an important source of cost data, contain allocations 
of indirect costs that may be inappropriate for use in economic analysis. 

2. The various consequences — costs and benefits— of an alternative may be of three 
types: 

(a) Market consequences — there are established market prices 

(b) Extra- market consequences — there are no direct market prices, but prices can 
be assigned by indirect means 

(c) Intangible consequences — valued by judgment, not by monetary prices 

3. The economic criteria forjudging alternatives can be reduced to three cases: 

(a) For fixed input: maximize benefits or other outputs. 

(b) For fixed output: minimize costs or other inputs. 

(c) When neither input nor output is fixed: maximize the difference between benefits 
and costs or, more simply stated, maximize profit. 

The third case states the general rule from which both the first and second cases 
may be derived. 

4. To choose among the alternatives, the market consequences and extra-market con- 
sequences are organized into a cash flow diagram. We will see in Chapter 3 that 
engineering economic calculations can be used to compare differing cash flows. 
These outcomes are compared against the selection criterion. From this comparison 
plus the consequences not included in the monetary analysis, the best alternative is 
selected. 

5. An essential part of engineering decision making is the postaudit of results. This 
step helps to ensure that projected benefits are obtained and to encourage realistic 
estimates in analyses. 

Problems 

i-l Think back to your first hour after awakening this 
morning. List 15 decision-making opportunities that 
existed during that hour. After you have done that, 
mark the decision-making opportunities that you 
actually recognized this morning and upon which you 
made a conscious decision. 



1 -2 Some of the following problems would be suitable for 
solution by engineering economic analysis. Which 
ones are they? 

(a) Would it be better to buy an automobile with a 
diesel engine or a gasoline engine? 
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(b) Should an automatic machine be purchased to 
replace three workers now doing a task by hand? 

(c) Would it be wise to enroll for an early morn- 
ing class so you could avoid traveling during the 
morning traffic rush hours? 

(d) Would you be better off if you changed your 
major? 

(e) One of the people you might marry has a job that 
pays very little money, while another one has a 
professional job with an excellent salary. Which 
one should you marry? 

1 -3 Which one of the following problems is most suitable 
for analysis by engineering economic analysis? 

(a) Some 45 d candy bars are on sale for 12 bars for 
$3. Sandy, who eats a couple of candy bars a 
week, must decide whether to buy a dozen at the 
lower price. 

(h) A woman has $150,000 in a bank checking 
account that pays no interest. She can either invest 
it immediately at a desirable interest rate or wait 
a week and know that she will be able to obtain 
an interest rate that is 0. 1 5% higher. 

(c) Joe backed his car into a tree, damaging the 
fender. He has automobile insurance that will pay 
for the fender repair. But if he files a claim for 
payment, they may change his “good driver” 
rating downward and charge him more for car 
insurance in the future. 

1 -4 If you have $300 and could make the right decisions, 
how long would it take you to become a millionaire? 
Explain briefly what you would do. 

1-5 Many people write books explaining how to make 
money in the stock market. Apparently the authors 
plan to make their money selling books telling other 
people how to profi t from the stock market. Why don’ t 
these authors forget about the books and make their 
money in the stock market? 

1 - 6 The owner of a small machine shop has ju st lost one of 
his larger customers. The solution to his problem, he 
says, is to fire three machinists to balance his work- 
force with his current level of business. The owner 
says it is a simple problem with a simple solution. 
The three machinists disagree. Why? 

1 -7 Every college student had the problem of selecting 
the college or university to attend. Was this a simple, 
intermediate, or complex problem for you? Explain. 

1-8 Toward the end of the twentieth century, the U.S. 
government wanted to save money by closing a small 



portion of all its military installations throughout the 
United Slates. While many people agreed that sav- 
ing money was a desirable goaf areas potentially af- 
fected by selection to close soon reacted negatively. 
j Congress finally selected a panel of people whose task 
was to develop a list of installations to close, with the 
legislation specifying that Congress could not alter 
the list. Since the goal was to save money, why was 
this problem so hard to solve? 

1-9 The college bookstore has put pads of engineering 
computation paper on sale at half price. What is the 
minimum and maximum number of pads you might 
buy during the sale? Explain. 

1-10 Consider the seven situations described. Which one 
situation seems most suitable for solution by engi- 
neering economic analysis? 

(a) Jane has met two college students that interest 
her. Bill is a music major who is lots of fun to 
be with. Alex, on the other hand, is a fellow en- 
gineering student, but he does not like to dance. 
Jane wonders what to do. 

(b) You drive periodically to the post office to pick 
up your mail. The parking meters require 1 0c for 
6 minutes — about twice the time required to get 
from your car to the post office and back. Jf park- 
ing lines cost $8, do you put money in the meter 
or not? 

(c) At the Local market, candy bars are 45 <3 each or 
three for $1 . Should you buy them three at a time? 

(d) The cost of automobile insurance varies widely 
from insurance company to insurance company. 
Should you check with several companies when 
your insurance comes up for renewal? 

( e ) There is a special local sales tax (“sin tax ) on a 
variety of things that the town council would like 
to remove from local distribution. As a result a 
store has opened up just outside the town and of- 
fers an abundance of these specific items at prices 
about 30%' less than is charged in town. Should 
you shop there? 

{/) Your mother reminds you that she wants you to at- 
tend the annual family picnic. That same Saturday 
you already have a date with a person you have 
been trying to date for months. 

(g) One of your professors mentioned that you have 
a poor attendance record in her class. You wonder 
whether to drop the course now or wai t to see how 
you do on the first midterm exam. Unfortunately, 
the course is required for graduation. 
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'f _11 An automobile manufacturer is considering locating 
an automobile assembly plant in your region. List two 
simple, two intermediate, and two complex problems 
associated with this proposal, 

1-12 Consider the following situations. Which ones appear 
to represent rational decision making? Explain. 

(a) Joe's best friend has decided to become a civil 
engineer, so Joe has decided that he, too, will 
become a civil engineer. 

(b) Jill needs to get to the university from her home. 
She bought a car and now drives to the university 
each day. When Jim asks her why she didn’t buy a 
bicycle instead, she replies, “Gee, T never thought 
of that/' 

(c) Don needed a wrench to replace the spark plugs 
in his car. He went to the local automobile sup- 
ply store and bought the cheapest one they had. 
It broke before he had finished replacing all the 
spark plugs in his car, 

1-13 Identify possible objectives for NASA. For your 
favorite of these, how should alternative plans to 
achieve the objective be evaluated? 

1-14 Suppose you have just 2 hours to answer the question, 
How many people in your home town would be inter- 
ested in buying a pair of left-handed scissors ? Give a 
step-by-step outline of how you would seek to answer 
this question within two hours. 

1-15 A college student determines that he will have only 
$50 per month available for his housing for the com- 
ing year. He is determined to continue in the univer- 
sity, so he has decided to list all feasible alternatives 
for his housing. To help him, list five feasible alter- 
natives. 

l-io Describe a situation where a poor alternative was 
selected, because there was a poor search for better 
alternatives. 

1-17 If there are only two alternatives available and both 
are unpleasant and undesirable, what should you do? 

1-18 The three economic criteria for choosing the best 
alternative are minimize input, maximize output, and 
maximize the difference between output and input. 
For each of the following situations, what is tire 
appropriate economic criterion? 

(a) A manufacturer of plastic drafting triangles can 
sell all the triangles he can produce at a fixed 
price. As he increases production, his unit costs 
increase as a result of overtime pay and so forth. 
The manufacturer’s criterion should be . 



(h) An architectural and engineering firm has been 
awarded the contract to design a wharf for a 
petroleum company for a fixed sum of money. The 

engineering firm's criterion should be 

(c) A book publisher is about to set the list price 
(retail price) on a textbook. The choice of a low 
list price would mean less advertising than would 
be used for a higher list price. The amount of 
advertising will affect the number of copies sold. 

The publisher's criterion should be 

(tf) At an auction of antiques, a bidder for a particular 
porcelain statue would be trying to . 

1-19 As in Problem 1-18, state the appropriate economic 
criterion for each of the following situations. 

(a) The engineering school held a raffle of an auto- 

mobile with tickets selling for 50£ each or three 
for $L When the students were selling tickets, 
they noted that many people had trouble deciding 
whether to buy one or three tickets. This indicates 
the buyers’ criterion was . 

(b) A student organization bought a soft-drink 

machine for use in a student area. There was 
considerabl e discussion over whether they should 
set the machine to charge 50$, 15$, or $1 per 
drink. The organization recognized that the num- 
ber of soft drinks sold would depend on the price 
charged. Eventually the decision was made to 
charge 15$. Their criterion was , 

(c) In many cities, grocery stores find that their sales 

are much greater on days when they have adver- 
tised their special bargains. However, the adver- 
tised special prices do not appear to increase the 
total physical volume of groceries sold by a store. 
This leads us to conclude that many shoppers' 
criterion is 

(d) A recently graduated engineer has decided to re- 

turn to school in the evenings to obtain a master’s 
degree. He feels it should be accomplished in a 
manner that will allow him the maximum amount 
of time for his regular day job plus time for recre- 
ation. In working for the degree, he will . 

1 -20 Seven criteria are given in the chapter forjudging 
which is the best alternative. After reviewing the 
list, devise three additional criteria that might be 
used. 

L2l Suppose you are assigned the task of determining 
the route, of a new highway through an older section 
of town. The highway will require that many older 
homes must be either relocated or tom down. Two 
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possible criteria that might be used in deciding ex- 
actly where to locate the highway are: 

(a) Ensure that there are benefits to those who gain 
from the decision and that no one is harmed by 
the decision. 

(b) Ensure that the benefits to those who gain from 
the decision are greater than the losses of those 
who are banned by the decision. 

Which criterion will you select to use in determining 
the route of the highway? Explain. 

1-22 Identify benefits and costs for Problem 1-2 L 

1-23 In the fall, Jay Thompson decided to live in a uni- 
versity dormitory. He signed a dorm contract under 
which he was obligated to pay the room rent for the 
full college year- One clause stated that if he moved 
out during the year, he could sell his dorm contract to 
another student who would move into the dormitory 7 
as his replacement. The dorm cost was $2000 for the 
two semesters, which Jay bad already paid. 

A month after he moved into the dorm, he 
decided he would prefer to live in an apartment. That 
week, after some searching for a replacement to fulfill 
his dorm contract, Jay had two offers. One student of- 
fered to move in immediately and to pay Jay $100 per 
month for the eight remaining months of the school 
year. A second student offered to move in the second 
semester and pay $700 to Jay. 

Jay estimates his food cost per month is $300 
if he lives in the dorm and $250 if he lives in an 
apartment with three other students. His share of the 
apartment rent and utilities will be $200 per month. 
Assume each semester is 472 months long. Disregard 
the small differences in the timing of the disburse- 
ments or receipts, 

(a) What are the three alternatives available to Jay? 

( b ) Evaluate the cost for each of the alternatives. 

(c) What do you recommend that Jay do? 

1-24 In decision making we talk about the construction of 
a model. What kind of model is meant? 

1 -25 An electric motor on a conveyor burned out. The fore- 
man told the plant manager that the motor had to be 
replaced. The foreman indicated that there were no 
alternatives and asked for authorization to order the 
replacement. In this situation, is any decision making 
taking place? If so, who is making the decision(s)? 

1-26 Bill Jones's parents insisted that Bill buy himself a 
new sport shin. Bill’s father gave specific instruc- 
tions, saying the shirt must be in c< good taste?’ that is, 



neither too wildly colored nor too extreme in tailor- 
ing. Bill found three types of sport shirts in the local 
department store: 

. . & Rather somber shirts that Bill's father w r ould want 

him to buy 

* Good-looking shirts that appealed to Bill 
0 Weird shirts that were even too much for Bill 

He wanted a good-looking shirt but wondered how 
to convince his father to let him keep it. The clerk 
suggested that Bill take home two shirts for his father 
to see and return the one he did not like. Bill selected 
a good-looking blue shirt he liked, and also a weird 
lavender shirt. His father took one look and insisted 
that Bill keep the blue shirt and return the lavender 
one Bill did as his father instructed. What was the key 
decision in this decision process, and who made it? 

1-27 A farmer must decide what combination of seed, 
water, fertilizer, and pest control will be most prof- 
itable for the coming year. The local agricultural 
college did a study of this farmer's situation and 
prepared the following table. 



Plan Cost/acre 



A $ 600 

B 1500 

C 1800 

D 2100 



Income/acre 
$ 800 
1900 
2250 
2500 



The last page of the college's study was tom off, and 
hence the farmer is not sure which plan the agricul- 
tural college recommends. Which plan should the 
farmer adopt? Explain. 

1-28 Identify the alternatives, outcomes, criteria, and pro- 
cess for the selection of your college major? Did you 
make the best choice for you? 

1-29 Describe a major problem you mast address in the 
next two years. Use the techniques of this chapter to 
structure the problem and recommend a decision. 

1-30 One strategy for solving a complex problem is to 
break the problem into a group of less complex prob- 
lems and then find solutions to the smaller problems. 
The result is the solution of the complex problem. 
Give an example in which this strategy will work. 
Then give another example in which this strategy will 
not work. 

1 -3 1 On her first engineering job, Joy Hayes was given the 
responsibility of determining the production rate for 
a new product. She has assembled data as indicated 
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on the two graphs: 

$2000 
$1 900 
$1800 
$1700 
$1600 
SI 500 
SI 400 
SI 300 

-C $1200 

§ shoo 

Z $1000 

§■ $900 

$800 
$700 
$600 
$500 
$400 
$300 
$200 
S100 



0 

Output (units/hr) 




Output (units/hr) 



(a) Select an appropriate economic criterion and 
estimate die production rate based upon it. 

C b ) Joy's boss told Joy: “I want you to maximize 
output with minimum input ” Joy wonders if it is 



possible to achieve her boss's criterion. She asks 
your advice. What would you tell her? 

1-32 Willie Lehmann travels from city’ to city in the con- 
duct of his business. Every other year he buys a used 
car for about $12,000. The auto dealer allows about 
$8000 as a trade-in allowance with the result that 
the salesman spends S4000 every other year for a car. 
Willie keeps accurate records, which show that all 
other expenses on his car amount to 22.3 d per mile 
for each mile he drives. Willie's employer has two 
plans by which salesmen are reimbursed for their car 
expenses: 

(a) Willie will receive all his operating expenses, and 
in addition will receive $2000 each year for the 
decline in value of the automobile. 

(b) Willie will receive 32 d per mile but no operating 
expenses and no depreciation allowance. 

If Willie travels 18,000 miles per year, w f hich method 
of computation gives him the larger reimbursement? 
At what annual mileage do the two methods give the 
same reimbursement? 

1 -33 Maria, a college student, is getting ready for three final 
examinations at the end of the school year. Between 
now and the start of exams, she has 15 hours of study 
time available. She would like to get as high a grade 
average as possible in her math, physics, and engi- 
neering economy classes. She feels she must study at 
least 2 ours for each course and, if necessary, will set- 
tle for the low grade that the limited study would yield. 
How much time should Maria devote to each class if 
she estimates her grade in each subject as follow s: 



Engineering 

Mathematics Physics Economy 



Study 

Hours 


Grade 


Study 

Hours 


Grade 


Study 

Hours 


Grade 


2 


25 


2 


35 


2 


50 


3 


35 


3 


41 


3 


61 


4 


44 


4 


49 


4 


71 


5 


52 


5 


59 


5 


79 


6 


59 


6 


68 


6 


86 


7 


65 


7 


77 


7 


92 


8 


70 


8 


85 


8 


96 



1-34 Two manufacturing companies, located in cities 
90 miles apart, have discovered that they both send 
their trucks four times a week to the other city full of 
cargo and return empty. Each company pays its driver 
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$185 a day (the round trip takes all day) and have 
truck operating costs (excluding the driver) of 600 
a mile. How much could each company save each 
week if they shared the task, with each sending its 
truck twice a week and hauling the other company’s 
cargo on the return trip? 

1-35 A city 1, is in need of increasing its rubbish disposal 
facilities. There is a choice of two rubbish disposal 
areas, as follows. 

Area A: A gravel pit with a capacity of 16 mil- 
lion cubic meters. Owing to the possibility of 
high ground water, however, the Regional Water 
Pollution Control Board has restricted the lower 
2 million cubic meters of fill to inert material 
only (earth, concrete, asphalt, paving, brick, 
etc.). The inert material, principally clean earth, 
must be purchased and hauled to this area for 
the bottom fill. 

Area B: Capacity is 14 million cubic meters. 
The entire capacity may be used for general rub- 
bish disposal. This area will require an average 
increase in a round-trip haul of 5 miles for 60% 
of the city, a decreased haul of 2 miles for 20%' 
of the city. For the remaining 20% of the city, 
the haul is the same distance as for Area A. 

Assume the following conditions: 

* Cost of inert material placed in Area A will be 
$2. 35/m 3 . 

* Average speed of trucks from last pickup to dis- 
posal site is 15 miles per hour. 

* The rubbish truck and a two-man crew will cost 
$35 per hour. 

* Truck capacity of 4\/2 tons per load or 20 m . 

* Sufficient cover material is available at all areas; 
however, inert material for the bottom fill in Area 
A must be hauled in. 

Which of the sites do you recommend? {Answer: 
Area B) 

1-36 An oil company is considering adding an additional 
grade of fuel at its service stations. To do this, an addi- 
tional 3000-gallon tank must be buried at each station. 
Discussions with tank fabricators indicate that the 
least expensive tank would be cylindrical with mini- 
mum surface area. What size tank should be ordered? 
{Answer: 8 ft diameter by 8 ft length) 

1-37 The vegetable buyer for a group of grocery stores 
has decided to sell packages of sprouted grain in the 



vegetable section of the stores. The product is per- 
ishable and any remaining unsold after one week in 
die store is discarded. The supplier will deliver the 
packages to the stores, arrange them in the display 
space, and remove and dispose of any old packages. 
The price the supplier will charge the stores depends 
on the size of the total weekly order for all the stores. 

Weekly Order Price per Package 

Less than 1000 packages 350' 

1000-1499 28 

1500-1999 25 

2000 or more 20 

The vegetable buyer estimates the quantity that can 
be sold per week, at various selling prices, as follows: 

Selling Price Packages Sold per Week 

600' 300 

45 600 

40 1200 

33 1700 

26 2300 

The sprouted grain will be sold at the same price in 
all the grocery stores. How many packages should be 
purchased per week, and at which of the fi ve prices 
listed above should they be sold? 

1-38 Cathy Gwynn, a recently graduated engineer, de- 
cided to invest some of her money in a “Quick Shop 
grocery store. The store emphasizes quick service, a 
limited assortment of grocery items, and rather high 
prices. Cathy wants to study the business to see if the 
store hours (currently 0600 to 0100) can be changed 
to make the store more profitable. Cathy assembled 
the following information. 



Time Period 


Daily Sales in 
the Time Period 


0600-0700 


$ 20 


0700-0800 


40 


0800-0900 


60 


0900-1200 


200 


1200-1500 


180 


1500-1800 


300 


1800-2100 


400 


2100-2200 


100 


2200-2300 


30 


2300-2400 


60 


2400-0100 


20 



The cost of the groceries sold averages 70% of sales. 
The incremental cost to keep the store open, including 
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the clerk's wage and other incremental operating 
costs, is $10 per hour. To maximize profit, when 
should the store be opened, and when should it be 
closed? 

1 -39 Jim Jones, a motel owner, noticed that just down the 
street the “Motel 36 advertises a $36-per-night room 
rental rate on its sign. As a result, this competitor rents 
all 80 rooms every day by late afternoon. Jim, on the 
other hand, does not advertise his rate, which is $54 
per night, and he averages only a 68%' occupancy of 
his 50 rooms. 

There are a lot of other motels nearby, but only 
Motel 36 advertises its rate on its sign. (Rates at the 
other motels vary from $48 to $80 per night.) Jim 
estimates that his actual incremental cost per night 
for each room rented, rather than remainine vacant, 
is $12. This $12 pays for all the cleaning, launder- 
ing, maintenance, utilities, and so on. Jim believes 
his eight alternatives are: 



Resulting 

Alternative Occupancy Rate 



1 


Advertise 
and Charge 
$35 per night 


100% 


2 


42 per night 


94 


3 


48 per night 


80 


4 


54 per night 


66 


5 


Do Not Advertise 
and Charge 
$48 per night 


70% 


6 


54 per night 


68 


7 


62 per night 


66 


8 


68 per night 


56 



What should Jim do? Show how you reached your 
conclusion. 

1-40 A firm is planning to manufacture a new product. 
The sales department estimates that the quantity that 
can be sold depends on the selling price. As the sell- 
ing price is increased, the quantity that can be sold 



decreases. Numerically they estimate: 

P =$35.00-0.02 Q 

where P — selling price per unit 
Q — quantity sold per year 

On the other hand, the management estimates that 
the average cost of manufacturing and selling the 
product will decrease as the quantity sold increases. 
They estimate 

C = $4.00Q + $8000 

where C — cost to produce and sell Q per year 

The firm's management wishes to produce and sell 
the product at the rate that will maximize profit, that 
is, where income minus cost will be a maximum. 
What quantity should the decision makers plan to 
produce and sell each year? (Answer: 775 units) 

1-47 A manufacturing firm has received a contract to as- 
semble 1000 units of test equipment in the next year. 
The firm must decide how to organize its assembly 
operation. Skilled workers, at $22 per hour each, 
could be assigned to individually assemble the test 
equipment. Each worker would do all the assembly 
steps, and it would take 2.6 hours to complete one 
unit. An alternate approach would be to set up teams 
of four less skilled workers (at $ 1 3 per hour each) and 
organize the assembly tasks so that each worker does 
part of the assembly. The four-man team would be 
able to assemble a unit in one hour Which approach 
would result in more economically assembly? 

1-42 A grower estimates that if he picks his apple crop 
now, he will obtain 1000 boxes of apples, which he 
can sell at $3 per box. However, be thinks his crop 
will increase by 120 boxes of apples for each week 
he delays picking, but that the price will drop at a rate 
of 15,d per box per week; in addition, he estimates 
approximately 20 boxes per week will spoil for each 
week he delays picking. When should he pick his crop 
to obtain the largest total cash return? How much will 
he receive for his crop at that time? 





After Completing This Chapter... 

The student should be able to: 

* Define various cost concepts. 

* Provide specific examples of how and why these engineering cost concepts are important. 
Define engineering cost estimating. 

Explain tire three types of engineering estimate, as well as common difficulties encoun- 
tered in making engineering cost estimates. 

Use several common mathematical estimating models in cost estimating. 

* Discuss the impact of the learning curve on cost estimates. 

* State the relationship between cost estimating and estimating project benefits. 

6 Draw cash flow diagrams to show project costs and benefits. 



Quest ions to Consider 






By investing heavily in warehouses and other infrastructure, Webvan incurred large 
“fixed costs’’ that it would have to pay regardless of whether it attracted customers. By 
contrast, Tesco invested a more modest sum up front and hired employees only when 
customer orders increased enough to warrant it. How might these choices have affected 
the financial fates of the two companies? 

In most cases, businesses that are seeking financing for start-up or expansion must de- 
velop detailed estimates of their likely costs and future earnings. But Webvan convinced 
investors that it was operating in a “new world” of Internet commerce, to which the 



old rules did not apply. How did this affect investors’ willingness to accept Webvan’s 



estimates of its financial prospects? 

Generally, businesses view cost considerations as a constraint. In this case, however, the 
dotcom boom of the 1990s stood that rule on its head: the more Webvan spent, the more 
money investors seemed willing to give the company- — -at least until the boom ran its 
course. Would Webvan have been better off with investors who asked more questions 
and imposed more limits? Why or w'hy not? 





Webvan Hits the Skids 




Webvan, an on-line supermarket, aimed to revolutionize the humdrum business of selling 
groceries. Consumers could order their weekly provisions with a few clicks and have the 
goods delivered right to their door. It sounded like a great business plan, and the company 
had no trouble attracting capital during the dotcom boom of the late 1990s, Eager investors 
happily poured hundreds of millions into the company. 

With that kind of money to spend, We- 
bvan invested lavishly in building infrastruc- 
ture, including large warehouses capable of 
fi ling 8000 orders a day. The firm rapidly 
expanded to serve multiple cities nationwide 
and even acquired a competing on-line com- 
pany, Home Grocer. 

But the hoped-for volume of customers 
never materialized. By early 2000, Internet 
grocers had managed to capture only a small 
part of the food Sides market — far short of tine 
20% they had anticipated. VvTien the dotcom 
bocnt went bust, Webvan suddenly looked 
much less attractive to investors, who quickly 
snapped their wallets shut. 

Without new money coming in, Webvan 
suddenly had to face an uncomfortable fact: 
it was spending far more titan it was earning. 
Finally, in 2001, Webvan went bankrupt. A 
rival on-line grocer, Peapod, narrowly escaped the same fate — but only because a Dutch 
retailer was willing to buy the company and continue pumping money into it. 

Interestingly, at the same time Webvan was burning through millions in dotcom cash, 
a bricks-and-mortar supermarket chain in Britain called Tesco also decided to get into the 
on-line grocery business. Tesco invested around $.56 million in a computerized processing 
system and, instead of building warehouses, had employees in each store walk the aisles 
filling orders. Unlike Webvan, Tesco made a profit. 
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This chapter defines fundamental cost concepts. These include fixed and variable costs, 
marginal and average costs, sunk and opportunity costs, recurring and nonrecurring costs, 
incremental cash costs, book costs, and life-cycle costs. We then describe the various types 
of estimates and difficulties sometimes encountered. The models that are described include 
unit factor, segmenting, cost indexes, power sizing, triangulation, and learning curves. The 
chapter discusses estimating benefits, developing cash flow diagrams, and drawing these 
diagrams with spreadsheets. 

Understanding engineering costs is fundamental to the engineering economic analysis 
process, and therefore this chapter addresses an important question: Where do the numbers 
come from? 



Engineering Costs 

Evaluating a set of feasible alternatives requires that many costs be analyzed. Examples 
include costs for initial investment, new construction, facility modification, general labor, 
parts and materials, inspection and quality, contractor and subcontractor labor, training, 
computer hardware and software, material handling, fixtures and tooling, data management, 
and technical support, as well as general support costs (overhead). In this section we describe 
several concepts for classifying and understanding these costs. 

Fixed, Variable, Marginal, and Average Costs 

Fixed costs are constant or unchanging regardless of the level of output or activity. In 
contrast, variable costs depend on the level of output or activity. A marginal cost is the 
variable cost for one more unit, while the average cost is the total cost divided by tire 
number of units. 

For example, in a production environment fixed costs, such as those for factory floor 
space and equipment, remain the same even though production quantity, number of em- 
ployees, and level of work-in-process may vary. Labor costs are classified as a variable cost 
because they depend on the number of employees in the factory. Thm fixed costs are level 
or constant regardless of output or activity, and variable costs are changing and related to 
the level of output or activity. 

As another example, many universities charge full-time students a fixed cost for 12 to 
18 hours and a cost per credit hour for each credit hour over 18. Thus for full-time students 
who are taking an overload (> 18 hours), there is a variable cost that depends on the level 
of activity. 

This example can also be used to distinguish between marginal and average costs. A 
marginal cost is the cost of one more unit. This will depend on how many credit hours the 
student is taking. If currently enrolled for 12 to 17 hours, adding one more is free. The 
marginal cost of an additional credit hour is $0. However, if the student is taking 18 or more 
hours, then the marginal cost equals the variable cost of one more hour. 

To illustrate average costs, the fixed and variable costs need to be specified. Suppose 
the cost of 12 to 18 hours is $1800 per term and overload credits are $1 20/hour. If a student 
takes 12 hours, the average cost is $1800/12 — $150 per credit hour, If the student were 
to take 18 hours, the average cost decreases to $1800/18 = $100 per credit hour. If the 
student takes 21 hours, the average cost is $102.86 per credit hour [$1800 + (3 x $ 1 20)/21]. 



I 
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Average cost is thus calculated by dividing the total cost for all units by the total number of 
units. Decision makers use average cost to attain an overall cost picture of the investment 
on a per unit basis. 

Marginal cost is used to decide whether the additional unit should be made, purchased, 
or enrolled in. For the full-time student at our example university, the marginal cost of another 
credit is $0 or $120 depending on how many credits the student has already signed up for. 




An entrepreneur named DK was considering the money-making potential of chartering a bus to 
take people from his hometown to an event in a larger city. DK planned to provide transportation, 
tickets to the event, and refreshments on the bus for his customers. He gathered data and categorized 
the predicted expenses as either fixed or variable. 



DK's Fixed Costs 




DK’s Variable Costs 




Bus rental 


$80 


Event ticket 


$12.50 per person 


Gas expense 


75 


Refreshments 


7.50 per person 


Other fuels 


20 






Bus driver 


50 







Develop an expression of DK s total fixed and total variable costs for chartering this trip. 




DK's fixed costs will be incurred regardless of how many people sign up for the trip (even if on y 




driver: 



Total fixed costs = 80 + 75 + 20 + 50 = $225 



DK's variable costs depend on how many people sign up for tire charter, which is the level of 
activity. Thus for event tickets and refreshments, we would write 



Total variable costs — 12.50 + 7.50 = $20 per person 




From Example 2-1 we see how it is possible to calculate total fixed and total variable 
costs. Furthermore, these values can be combined into a single total cost equation as follows: 



Total cost = Total fixed cost -4- Total variable cost (2-1) 



The relationship between total cost and fixed and variable costs are shown in Figure 2- 1 . 
The fixed-cost portion of $3000 is the same across the entire range of the output variable x. 
Often, the variable costs are linear (y equals a constant times x); however, the variable 
costs can be nonlinear. For example, employees are often paid at 150% of their hourly rate 
for overtime hours, so that production levels requiring overtime have higher variable costs. 
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FIGURE 2-1 Fixed, variable, 
and total costs. 




Total cost in Figure 2-1 is a fixed cost of $3000 plus a variable cost of $200 per unit for 
straight-time production of up to 10 units and $300 per unit for overtime production of up 
to 5 more units. 

Figure 2-1 can also be used to illustrate marginal and average costs. At a volume of 
5 units the marginal cost is $200 per unit, while at a volume of 12 units the marginal cost is 
$300 per unit. The respective average costs are $800 per unit, or (3000 + 200 x 5)/5, and 
$467 per unit, or (3000 + 200 x 10 + 300 x 2)/12. 




In Example 2-1, DK developed an overall total cost equation for his business expenses. Now he 
wants to evaluate the potential to make money from this chartered bus trip. 




We use Equation 2-1 to find DK\s total cost equation: 



Total cost — total fixed cost + total variable cost 



= S225 + ($20) (number of people on the trip) 



where number of people on the trip = x . Thus, 



Total cost = 225 T 20.r 






Using this relationship, DK can calculate the total cost for any number of people — up to the 
capacity of the bus. What he lacks is a revenue equatioi to offset his costs. DK’s total revenue 
from this Uip can be expressed as: 






Total revenue = (Charter ticket price) (Number of people on the trip) = (Ticket price) (a ) 
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DK believes that he could attract 30 people at a charter ticket price of $35. Thus 

Total profit = (Total revenue) — (Total costs) (35*) — (225 + 20*) = 15* — 225 
At * = 30, 

Total profit = 35 x 30 - (225 T 20 x 30) = $225 
So, if 30 people take the charter, DK will net a profit, of $225. This somewhat simplistic analysis 




In Examples 2-1 and 2-2 DK developed total cost and total revenue equations to describe 
the charter bus proposal. These equations can be used to create what is called a profit-loss 
breakeven chart (see Figure 2-2). Both the costs and revenues associated with various levels 
of output (activity) are placed on the same set of * y axes. This allows one to illustrate 
a breakeven point (in terms of costs and revenue) and regions of profit and loss for some 
business activity. These terms can be defined as follows. 

Breakeven point: The level of business activity at which the total costs to provide 
the product, good, or service are equal to the revenue (or savings) generated by 
providing the service. This is the level at which one “just breaks even.” 

Profit region: The output level of the variable * greater than the breakeven point, where 
total revenue is greater than total costs. 

Loss region: The output level of the variable * less than the breakeven point, where 
total costs are greater than total revenue. 

Notice in Figure 2-2 that the breakeven point for the number of persons on the charter 
trip is 15 people. For more than 15 people, DK will make a profit. If fewer titan 15 sign up 



FIGURE 2-2 Profit-loss 
breakeven chart for 
Examples 2-1 and 2-2. 
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there will be a net loss. At the breakeven level the total cost to provide die charter equals the 
revenue received from the 15 passengers. We can solve for the breakeven point by setting the 
total costs and total revenue expressions equal to each other and solving for the unknown 
value of x. From Examples 2-1 and 2-2: 

Total cost - Total revenue 
$225 + 20x = 35x 

jc — 15 people 

Sunk Costs 

A sunk cost is money already spent as a result of a past decision. Sunk costs should be 
disregarded in our engineering economic analysis because current decisions cannot change 
the past. For example, dollars spent last year to purchase new production machinery is 
money that is sunk: the money allocated to purchase the production machinery has already 
been spent — there is nothing that can be done now to change that action. As engineering 
economists we deal with present and future opportunities. 

Many times it is difficult not to be influenced by sunk costs. Consider 100 shares of 
stock in XYZ, Inc., purchased for $15 per share last year. The share price has steadily 
declined over the past 12 months to a price of $10 per shirr e today. Current decisions must 
focus on the $10 per share that could be attained today (as well as future price potential), 
not the $15 per share that was paid last year. The $15 per share paid last year is a sunk cost 
and has no influence on present opportunities, 

As another example, when Regina was a sophomore, she purchased a newest-generation 
laptop from the college bookstore for $2000. By the time she graduated, the most anyone 
would pay her for the computer was $400 because the newest models were faster, cheaper 
and had more capabilities. For Regina the original purchase price was a sunk cost that has 
no influence on her present opportunity to sell the laptop at its current market value ($400). 

Opportunity Costs 

An opportunity cost is associated with using a resource in one activity instead of another. 
Every time we use a business resource (equipment, dollars, manpower, etc.) in one activity, 
we give up the opportunity to use the same resources at that time in some other activity. 

Every day businesses use resources to accomplish various tasks — forklifts are used to 
transport materials, engineers are used to design products and processes, assembly lines 
are used to make a product, and parking lots are used to provide parking for employees’ 
vehicles. Each of these resources costs the company money to maintain for those intended 
purposes, However, that cost is not just made up of the dollar cost, it also includes the 
opportunity cost. Each resource that a firm owns can feasibly be used in several alternative 
ways. For instance, the assembly line could produce a different product, and the parking lot 
could be rented out, used as a building site, or converted into a small airstrip. Each of these 
alternative uses would provide some benefit to the company. 

A firm that chooses to use the resource in one way is giving up the benefits that would 
be derived from using it in those other ways. The benefit that would be derived by using 
the resource in this “other activity” is the opportunity cost for using it in the chosen 
activity. Opportunity cost may also be considered a forgone opportunity cost because we 
me forgoing the benefit that could have been realized. A formal definition of opportunity 
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cost might be : 

An opportunity cost is the benefi t that is forgone by engaging a business resource in a 
chosen activity instead of engaging that same resource in the forgone activity. 

As air example, suppose that friends invite a college student to travel through Europe 
over the summer break. In considering the offer, the student might calculate all the out-of- 
pocket cash costs that would be incurred. Cost estimates might be made for items such as 
air travel, lodging, meals, entertainment, and train passes. Suppose this amounts to $3000 
for a 10- week period. After checking his bank account, the student reports that indeed he 
can afford the $3000 trip. However, the true cost to the student includes not only bis out- 
of-pocket cash costs but also his opportunity cost. By taking the trip, the student is giving 
up the opportunity to earn $5000 as a summer intern at a local business. The student’s 
total cost will comprise the $3000 cash cost as well as the $5000 opportunity cost (wages 
forgone) — the total cost to our traveler is thus $8000. 




A distributor of electric pumps must decide what to do with a ‘lot’' of old electric pumps purchased 
3 years ago. Soon after the distributor purchased the lot, technology advances made the old pumps 
less desirable to customers. The pumps are becoming more obsolescent as they sit in inventory. 



The pricing manager has the following information. 

Distributor’s purchase price 3 years ago $ 7,000 

Distributor’s storage costs to date 1 ,000 

Distributor’s list price 3 years ago 9,500 

Current list price of the same number of new pumps 12,000 

Amount offered for the old pumps from a buyer 2 years ago 5,000 

Current price the lot of old pumps would bring 3,000 



Looking at the data, the pricing manager has concluded that the price should be set at $8000. 
This is the money that the firm has “tied up” in the lot of old pumps ($ 000 purchase and $1000 
storage), and it was reasoned that the company should at least recover this cost. Furthermore, 
the pricing manager has argued that an $8000 price would be $ 1 500 less than the list price from 
3 years ago, and it would be $4000 less than what a lot of new pumps would cost ($12,000 - 
$8000). What would be your advice on price? 




Let’s look more closely at each of the data items. 



Distributor's purchase price 3 years ago: This is a sunk cost that should not be considered 
in setting the price today. 

Distributor's storage costs to date: The storage costs for keeping the pumps in inventory 
are sunk costs; that is. they have been paid. Hence they should not influence the pricing 
decision. 
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Distributor's list price 3 years ago: If there have been no willing buyers in the past 3 years at 
this price, it is unlikely that a buyer will emerge in the future. This past list price should 
have no influence on the current pricing decision. 

' s " 

Current list price of newer pumps: Newer pumps now include technology and features that 
have made the older pumps less valuable. Directly comparing the older pumps to those 
with new technology is misleading. However, the price of the new pumps and the value 
of the new features help determine the market value of the old pumps. 

Amount offered from a buyer 2 years ago: This is a forgone opportunity. At the time of 
the offer, the company chose to keep the lot and thus the $5000 offered became an 
opportunity cost for keeping the pumps. This amount should not influence the current 
pricing decision. 

Current price the lot could bring: The price a willing buyer in the marketplace offers is 
called the asset s market value. The lot of old pumps in question is believed to have a 
current market value of $3000. 

From this analysis, it is easy to see the flaw in the pricii g manager’s reasoning. In an 
engineering economist analysis we deal only with today's and prospective future opportunities. 
It is impossible to go back in time and change decisions that have been made. Thus, the pricing 
manager should recommend to the distributor that the price be set at the current value that a buyer 
assigns to the item: $3000. 



Recurring and Nonrecurring Costs 

Recurring costs refer to any expense that is known, anticipated, and occurs at regular 
intervals. Nonrecurring costs are one-of-a-kind expenses that occur at irregular intervals 
and thus are sometimes difficult to plan for or anticipate from a budgeting perspective. 

Examples of recurring costs include those for resurfacing a highway and reshingling a 
roof, Annual expenses for maintenance and operation are also recurring expenses. Examples 
of nonrecurring costs include the cost of installing a new machine (including any facility 
modifications required), the cost of augmenting equipment based on older technology to 
restore its usefulness, emergency maintenance expenses, and the disposal or close-down 
costs associated with ending operations. 

In engineering economic analyses recurring costs are modeled as cash flows that occur 
at regular intervals (such as every' year or every 5 years.) Their magnitude can be estimated, 
and they can be included in the overall analysis. Nonrecurring costs can be handled easily 
in our analysis if we are able to anticipate their timing and size. However, this is not always 
so easy to do. 

incremental Costs 

One of the fundamental principles in engineering economic analysis is that in making a 
choice among a set of competing alternatives, focus should be placed on the differences 
between those alternatives. This is the concept of incremental costs. For instance, one 
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may be interested in comparing two options to lease a vehicle for personal use. The two 
lease options may have several specifics for which costs are the same. However, there may 
be incremental costs associated with one option not required or stipulated by the other. In 
comparing the two leases, the focus should be on the differences between the alternatives, 
not on the costs that are the same. 




- V. 



Philip is choosing between model A (a budget model) and model B (with more features and a 
higher purchase price). What incremental costs would Philip incur if he chose model B instead 
of the less expensive model A? 



Cost Items 


Model A 


Model B 


Purchase price 


$10,000 


$17,500 


Installation costs 


3,500 


5,000 


Annual maintenance costs 


2,500 


750 


Annual utility expenses 


1,200 


2,000 


Disposal costs after useful life 


700 


500 




We are interested in the incremental or extra costs that are associated with choosing model B 
instead of model A. To obtain these we subtract model A costs from model B costs for each 
category (cost item) with the following results. 

Incremental 



Y 






Cost Items 


(Model B Cost — A Cost) 


Cost of B 


Purchase price 


17.500 10,000 


$7500 


Installation costs 


5,000 - 3,500 


1500 


Annual maintenance costs 


750 • 2,500 


— 1750/yr 


Annual utility expenses 


2,000- 1.200 


800/yr 


Disposal costs after useful life 


500 - 700 


- 200 



Notice that for the cost categories given, the incremental costs of model B are both positive 
and negative. Positive incremental costs mean that model B costs more than model A, and nega- 
tive incremental costs indicate that there would be a savings (reduction in cost) if model B where 
chosen instead. 

Because model B has more features, a decision would also have to reflect consideration the 
incremental benefits offered by that model. 



Cash Costs Versus Book Costs 

A cash cost requires the cash transaction of dollars “out of one person’s pocket” into “the 
pocket of someone else.” When you buy dinner for your friends or make your monthly 
automobile payment you are incurring a cash cost or cash flow. Cash costs and cash flows 
are the basis for engineering economic analysis. 
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Book costs do not require the transaction of dollars “from one pocket to another.” 
Rather, book costs are cost effects from past decisions drat are recorded “in the books” 
(accounting books) of a firm. In one common book cost, asset depreciation (which we 
discuss in Chapter 11), the expense paid for a particular business asset is “written off” on 
a company’s accounting system over a number of periods. Book costs do not ordinarily 
represent cash flows and thus are not included in engineering economic analysis. One 
exception to tills is the impact of asset depreciation on tax payments — which are cash flows 
and are included in after-tax analyses. 



Life-Cycle Costs 

The products, goods, and services designed by engineers all progress through a life cycle 
very much like the human life cycle. People are conceived, go through a growth phase, 
reach their peak during maturity, and then gradually decline and expire. The same general 
pattern holds for products, goods, and services. As with humans, the duration of the dif- 
ferent phases, the height of the peak at maturity, and the time of the onset of decline and 
termination all vary depending on the individual product, good, or service. Figure 2-3 
illustrates the typical phases that a product, good or service progresses through over its life 
cycle. 

Life-cycle costing refers to the concept of designing products, goods, and services wi th 
a full and explicit recognition of the associated costs over the various phases of their life 
cycles. Two key concepts in life-cycle costing are that the later design changes are made, 
the higher the costs, and that decisions made early in the life cycle tend to “lock in” costs 
that are incurred later. Figure 2-4 illustrates how costs are committed early in the product 
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FIGURE 2-3 Typical life cycle for products, goods and sendees. 
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FIGURE 2-4 Cumulative life-cycle costs committed and dollars spent. 




Project Phase 

FIGURE 2-5 Life-cycle design change costs and ease of change. 

life cycle— nearly 70-90% of all costs are set duiing the design phases. At the same time, 
as the figure shows, only 10-30% of cumulative life-cycle costs have been spent. 

Figure 2-5 reinforces these concepts by illustrating that downstream product changes 
are more costly and that upstream changes are easier (and less costly) to make. When 
planners try to save money at an early design stage, the result is often a poor design, calling 
for change orders during construction and prototype development. These changes, in turn, 
are more costly than working out a better design would have been. 

From Figures 2-4 and 2-5 we see that the time to consider all life-cycle effects, and make 
design changes, is during the needs and conceptual/preliminary design phases— before a 
lot of dollars are committed. Some of the life-cycle effects that engineers should consider 
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at design time include product costs for liability, production, material, testing and quality 
assurance, and maintenance and warranty. Other life-cycle effects include product features 
based on customer input and product disposal effects on the environment. The key point is 
that engineers who design products and the systems that produce them should consider all 
life-cycle costs. 



Cost Estimating 

Engineering economic analysis focuses on the future consequences of current decisions. 
Because these consequences are in the future, usually they must be estimated and cannot 
be known with certainty. Examples of the estimates that may be needed in engineering 
economic analysis include purchase costs, annual revenue, yearly maintenance, interestrates 
for investments, annual labor and insurance costs, equipment salvage values, and tax rates. 

Estimating is the foundation of economic analysis. As is the case in any analysis 
procedure, the outcome is only as good as the quality of the numbers used to reach the 
decision. For example, a person who wants to estimate her federal income taxes for a given 
year could do a very detailed analysis, including social security deductions, retirement 
savings deductions, itemized personal deductions, exemption calculations, and estimates of 
likely changes to the tax code. However, this very technical and detailed analysis will be 
grossly inaccurate if poor data are used to predict the next year’s income. Thus, to ensure that 
an analysis is a reasonable evaluation of future events, it is very important to make careful 
estimates. 

Types of Estimate 

The American poet and novelist Gertrude Stein wrote in The Making of Americans in 1925 
that “a rose is a rose is a rose is a rose.” However, what holds for roses does not necessarily 
hold for estimates because “an estimate is not an estimate.” Ms. Stein was not suggesting 
that all roses are the same, but it is true that all estimates are not the same. Rather, we can 
define three general types of estimate whose purposes, accuracies, and underlying methods 
are quite different, 

Rough estimates: Order-of-magnitude estimates used for high-level planning, for 
determining macrofeasibility, and in a project’s initial planning and evaluation 
phases. Rough estimates tend to involve back -of- the -envelope numbers with little 
detail or accuracy. The intent is to quantify and consider the order of magnitude 
of the numbers involved. These estimates require minimum resources to develop, 
and their accuracy is generally —30% to +60%. 

Notice the nonsymmetry in the estimating error. Tins is because decision makers 
tend to underestimate the magnitude, of costs (negative economic effects ). Also as 
Murphy's law predicts, there seem to be more ways for results to be worse than 
expected than there are for the results to be better than expected. 

Semidetailed estimates: Used for budgeting purposes at a project’s conceptual or pre- 
liminary design stages. These estimates are more detailed, and they require addi- 
tional time and resources to develop. Greater sophistication is used in developing 
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semi detailed estimates than the rough-order type, and their accuracy is generally 
-15 to +20%. 



Deta tied estimates : Used during a proj ect ’« detailed design and contract bidding phases . 
These estimates are made from detailed quantitative models, blueprints, product 
specification sheets, and vendor quotes. Detailed estimates involve the most time 
and resources to develop and thus are much more accurate than rough or semi- 
detailed estimates. The accuracy of these estimates is generally —3 to +5%. 

The upper limits of +60% for rough order, +20% for semi-detailed, and +5% for 
detailed estimates are based on construction data for plants and infrastructure. 

Final costs for software, research and development, and new military weapons 
often correspond to much higher percentages. 

In considering the three types of estimate it is important to recognize that each has its 
unique purpose, place, and function in a project’s life. Rough estimates are used for gen- 
eral feasibility activities, semide tailed estimates support budgeting and preliminary design 
decisions, and detailed estimates are used for establishing design details and contracts. As 
one moves from rough to detailed design, one moves from less to much more accurate 
estimates. 

However, this increased accuracy requires added time and resources. Figure 2-6 
illustrates the trade-off between accuracy and ccst. In engineering economic analysis, the 
resources spent must be justified by the need for detail in the estimate. As an illustration, 
during the project feasibility stages we would not want to use our resources (people, time, 
and money) to develop detailed estimates for unfeasible alternatives that will be quickly 
eliminated from further consideration. However, regardless of how accurate an estimate is 
assumed to be, it only an estimate of what the future will be. There will be some error even 
if ample resources and sophisticated methods are used. 



Difficulties in Estimation 

Estimating is difficult because die future is unknown. With few exceptions (such as with 
legal contracts) it is difficult to anticipate future economic consequences exactly. In this 
section we discuss several aspects of estimating that make it a difficult task. 



FIGURE 2-6 Accuracy versus 
cost trade-off in estimating. 




Accuracy of Estimate 
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One-of-a-Kind Estimates 

Estimated parameters can be for one-of-a-kind or first-run projects. The first time something 
is done, it is difficult to estimate costs required to design, produce, and maintain a product 
over its life cycle. Consider the projected cost estimates that were developed for the first 
NASA missions. The U.S. space program initially had no experience with human flight in 
outer space; thus the development of the cost estimates for design, production, launch, and 
recovery of the astronauts, flight hardware, and payloads was a “first-time experience. 5 The 
same is true for any endeavor lacking local or global historical cost data. New products or 
processes that are unique and fundamentally different make estimating costs difficult. 

The good news is that there are very few one-of-a-kind estimates to be made in en- 
gineering design and analysis. Nearly all new technologies, products, and processes have 
“close cousins ’ that have led to their development. The concept of estimation by analogy 
allows one to use knowledge about well-understood activities to anticipate costs for new 
activities. In the 1 950s, at the start of the military missile program, aircraft companies drew 
on their in-depth knowledge of designing and producing aircraft when they bid on missile 
contracts. As another example, consider the problem of estimating the production labor 
requirements for a brand new product, X. A company may use its labor knowledge about 
Product Y, a similar type product, to build up the estimate for X. Thus, although “first-run” 
estimates are difficult to make, estimation by analogy can be an effective tool. 



Time and Effort Available 

Our ability to develop engineering estimates is constrained by time and person-power 
availability. In an ideal world, it would cost nothing to use unlimited resources over an 
extended period of time. However, reality requires the use of limited resources in fixed 
intervals of time. Thus for a rough estimate only limited effort is used. 

Constraints on time and person-power can make the overall estimating task more 
difficult. If the estimate does not require as much detail (such as when a rough estimate is 
the goal), then time and personnel constraints may not be a factor. When detail is necessary 
and critical (such as in legal contracts), however, requirements must be anticipated and 
resource use planned. 



Estimator Expertise 

Consider two common phrases: The post is our greatest teacher and knowledge is power. 
These simple axioms hold true for much of what we encounter during life, and they are true 
in engineering estimating as well. The more experienced and knowledgeable the engineering 
estimator is, the less difficult the estimating process will be, the more accurate the estimate 
will be, the less likely it is that a major errcr will occur, and the more likely it is that the 
estimate will be of high quality. 

How is experience acquired in industry? One approach is to assign inexperienced 
engineers relatively smaller jobs, to create expertise and build familiarity with products and 
processes. Another strategy used is to pair inexperienced engineers with mentors who have 
vast technical experience. Technical boards and review meetings conducted to “justify the 
numbers” also are used to build knowledge and experience. Finally, many firms maintain 
databases of their past estimates and the costs that were actually incurred. 
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estimating Models 

This section develops several estimating models that can be used at the rough, semidetailed, 
or detailed design levels, For rough estimates lhe models are used with rough data, likewise 
for detailed design estimates they are used with detailed data. The level of detail will depend 
upon the accuracy of the model’s data. 

Per-Unit Model 

The per-unit model uses a “per unit” factor, such as cost per square foot, to develop the 
estimate desired. This is a very simplistic yet useful technique, especially for developing 
estimates of the rough or order-of-magnitude type. The per unit model is commonly used 
in the construction industry. As an example, you may be interested in a new home that is 
constructed with a certain type of material and has a specific construction style. Based on this 
information a contractor may quote a cost of $65 per square foot for your home. If you are 
interested in a 2000 square foot floor plan, your cost would thus be; 2000 x 65 = $130,000. 
Other examples where per unit factors are utilized include 

° Service cost per customer 
° Safety cost per employee 
e Gasoline cost per mile 

* Cost of defects per batch 
Maintenance cost per window 

* Mileage cost per vehicle 

° Utility cost per square foot of floor space 

* Housing cost per student 

It is important to note that the per-unit model does not make allowances for economies 
of scale (the fact that higher quantities usually cost less on a per-unit basis). In most cases, 
however, the model can be effective at getting the decision maker “in the ballpark of likely 
costs, and it can be very accurate if accurate data are used. 




Use the per-unit model to estimate the cost per student that you will incur for hosting 24 foreign 
exchange students at a local island campground for 10 days. During camp you are planning the 
following activities; 

• 2 days of canoeing 

• 3 campsite-sponsored day hikes 

3 days al the lake beach (swimming, volleyball, etc.) 

• Nightly entertainment 



After calling the campground and collecting other information, you have accumulated the follow- 
ing data: 



Van rental from your city to the camp (one way) is $50 per 15 person van plus gas. 
Camp is 50 miles away, the van gets 10 miles per ga Ion, and gas is SI per gallon. 
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• Each cabin at the camp holds 4 campers, and rent is $10 per day per cabin. 

• Meals are $.10 per day per camper; no outside food is allowed. 

• Boat transportation to the island is $2 per camper (one way). 

• Insurance/grounds fee/overhead is $1 per day per camper. 

• Canoe rentals are $5 per day per canoe, canoes hold 3 campers. 

• Day hikes are $2.50 per camper (plus the cost for meals). 

• Beach rental is $25 per group per half-day. 

• Nightly entertainment is free. 




You are asked to use the per unit factor to estimate the cost per student on this trip. For planning 
purposes we assume that there will be 100% participation in all activities. We will break the total 
cost down into categories of transportation, living, and' entertainment. 



Transportation Costs 

. 



Van travel to and from camp: 2 vans x 2 trips x ($50/van 4- 50 miles x 1 gal/10 miles x 
$ 1 /gal) = $220 

Boat travel to and from island: 2 trips x $2/camper x 24 campers = $96 
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Transportation posts = 220 + 96 = $316 



Living Costs 
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Meals for the 10-day period: 24 campers x $ 1 0/camper/day x 10 days — $2400 
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Cabin rental for the 10-day period: 24 campers x I cabin/4 campers x $10/day/cat 



1 0 days = $600 
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Ins urancef Overbad expense for the 10-day period: 24 campers x $l/day/eamper x 10 days 
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Entertainment Costs 
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Canoe rental costs: 2 canoe cays x 24 campers x 1 canoe/3 campers x $5/day/canoe 
= $80 
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Beach rental costs: 3 days x 2 half-days/day x $25/half-day = $150 



Day hike costs: 24 campers x 3 day hikes x $2 .50/ca niper/day hike = $ 1 K0 

• '■ 

• . . . ... 

Nightly entertainment: This is free! Can von believe it? 
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Total cost 

Total cost for 10-day period = Transportation costs -T Living costs + Entertainment costs 

= 316 + 3240 + 410 — $3966 

Thus, the cost per student would be $3966/24 = $165.25. 

Thus, it would cost you $ 1 65.25 per student to host the students at the island campground for 
the 10-day period. In this case the per-unit model gives you a very detailed cost estimate (although 
its accuracy depends on the accuracy of your data and assumptions you've made). 



Segmenting Model 

The segmenting model can be described as “divide and conquer.” An estimate is decom- 
posed into its individual components, estimates are made at those lower levels, and then the 
estimates are aggregated (added) back together. It is much easier to estimate at the lower 
levels because they are more readily understood. This approach is common in engineer- 
ing estimating in many applications and for any level of accuracy needed. In planning the 
camp trip of Example 2-5, the overall estimate was segmented into the costs for travel, 
living, and entertainment, The example illustrated the segmenting model (division of the 
overall estimate into the various categories) together with the unit factor model to make the 
subestimates for each category. Example 2-6 provides another example of the segmenting 
approach. 




Clean Lawn Coip. a manufacturer of yard equipment is planning to introduce a new high end 
industrial-use lawn mower called the Grass Grabber. The Grass Grabber is designed as a walk- 
behind self propelled mower. Clean Lawn engineers have been asked by the accounting depart- 
ment io estimate the material costs that will make up the new mower. The material cost estimate 
will be used, along with estimates for labor and overhead to evaluate the potential of this new 
model, 




The engineers decide to decompose the design specifications for the Grass Grabber into its 
subcomponents, estimate the material costs for each of the subcomponents, and then sum these 
costs up to obtain their overall estimate. The engineers are using a segmenting approach to build 
up their estimate. After careful consideration, the engineers have divided the mower into the 
following major subsystems: chassis, drive train, controls, and cutting/col lection system. Each of 
these is further divided as appropriate, and unit material costs were estimated at this lowest of 
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levels as follows: 


Unit Material 


Cost Item 
A. Chassis 


Cost Estimate 


AT Deck 


$ 7.40 


A.2 Wheels 


10.20 


A.3 Axles 


4.85 




$22.45 


IS. Drive train 

B.l Engine 


$38.50 


B.2 Starter assembly 


5.90 


B.3 Transmission 


5.45 


B.4 Drive disc assembly 


1 0.00 


B.5 Clutch linkage 


5.15 


B.6 Belt assemblies 


7.70 




$72.70 





Unit Material 


Cost Item 


Cost Estimate 


C. Controls 


C.l Handle assembly 


$ 3.85 


C.2 Engine linkage 


8.55 


C.3 Blade linkage 


4.70 


C.4 Speed control linkage 


21.50 


C.5 Drive control assembly 

J 


6.70 


C.6 Cutting height adjuster 


7,40 

$52.70 


D. Cutting/Colleetion system 


D.l Blade assembly 


$10.80 


D.2 Side chute 


7.05 


D.3 Grass bag and adapter 


7.75 

$25.60 



The total material cost estimate of SI 73. 45 was calculated by summing up the estimates for each 
of the four major subsystem levels (chassis, drive train, controls, and cutting/collection system). 
It should be noted that this cost represents only the material portion of the overall cost to produce 
the mowers. Other costs would include labor and overhead items. 



In Example 2-6 the engineers at Clean Lawn Corp. decomposed the cost estimation 
problem into logical elements. The scheme they used of decomposing cost items and num- 
bering the material components (AT, A.l, A.2, etc.) is known as a work breakdown 
structure. This technique is commonly used in engineering cost estimating and project man- 
agement of large products, processes, or projects. A work breakdown structure decomposes 
a large “work package” into its constituent parts which can then be estimated or managed 
individually. In Example 2-6 the work breakdown structure of the Grass Grabber has three 
levels. At the top level is the product itself, at the second level are the four major subsystems, 
and at the third level are the individual cost items. Imagine what the product work break- 
down structure for a Boeing 777 looks like. Then imagine trying to manage the 777’s design, 
engineering, construction, and costing without a tool like the work breakdown structure. 

Cost Indexes 

Cost indexes are numerical values that reflect historical change in engineering (and other) 
costs. The cost index numbers are dimensionless, and reflect relative price change in either 
individual cost items (labor, material, utilities) or groups of costs (consumer prices, producer 
prices), Indexes can be used to update historical costs with the basic ratio relationship given 
in Equation 2-2. 



Cost at time A Index value at time A 

Cost at time B Index value at time B 



( 2 - 2 ) 
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Equation 2-2 states that the ratio of the cost index numbers at two points in time (A 
and B) is equivalent to the dollar cost ratio of the item at the same times (see Example 2-7). 




Miriam is interested in estimating the annual labor and material costs for a new production facility. 
She was able to obtain the following labor and material cost data: 



Labor costs 



* Labor cost index value was at 124 ten years ago and is 188 today. 

• Annual labor costs for a similar facility were $575,500 ten years ago. 



Material Costs 




Materia! cost index value was at 544 three years ago and is 715 today. 
Annual material costs for a similar facility were $2,455,000 three years ago 



Miriam will use Equation 



to develop her cost estimates for anni ai labor and material costs 
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Labor 



Annual cost today Index value today 

Annual cost 10 years ago Index value 10 years ago 



Annual cost todav 



Materials 



Annutil cost today 



Index valhe today 



Index value 3 years a no 

y/ : ;\ • ° 



Annual cost 3 years ago 



• j . ■ 



Cost index data are collected and published by several private and public sources in 
the United States (and world). The U.S. government publishes data through the Bureau of 
Labor Statistics of the Department of Commerce. The Statistical Abstract of the United 
States publishes cost indexes for labor, construction, and materials. Another useful source 
for engineering cost index data is the Engineering News Record. 

Power-Sizing Model 

The power-sizing model is used to estimate the costs of industrial plants and equipment. 
The model “scales up” or “scales down” known costs, thereby accounting for economies of 
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scale that are common in industrial plant and equipment costs. Consider the cost to build a 
refiner)'’. Would it cost twice as much to build the same facility with double the capacity? It is 
unlikely. The power-sizing model uses the exponent (x), called the power- sizing exponent } 
to reflect economies of scale in the size or capacity: 



Cost of equipment A 
Cost of equipment B 



Size(capacity) of equipment A \ 



( 2 - 3 ) 



where x is the power-sizing exponent, costs of A and B are at the same point in time (same 
dollar basis), and size or capacity is in the same physical units for both A and B. 

The power-sizing exponent (x) can be 1 ,0 (indicating a linear cost- versus -size/capacity 
relationship) or greater than 1.0 (indicating diseconomies of scale), but it is usually less 
than 1.0 (indicating economies of scale). Generally the ratio should be less than 2, and it 
should never exceed 5. This model works best in a middle 3 range — not very small or very 
large size. 

Exponent values for plants and equipment of many typ es ma Y be found in several 
sources, including industry reference books, research reports, and technical journals. Such 
exponent values may be found in Perry's Chemical Engineers' Handbook , Plant Design 
and Economics for Chemical Engineers, and Preliminary Plant Design in Chemical 
Engineering . Table 2-1 gives power sizing exponent values for several types of industrial 
facilities and equipment. The exponent given applies only to equipment within the size 
range specified. 

In Equation 2-3 equipment costs for both A and B occur at the same point in time. This 
equation is useful for scaling equipment costs but not for updating those costs. When the 
time of the desired cost estimate is different from the time in w r hich the scaling occurs (per 
Equation 2-3) cost indexes accomplish the time updating. Thus, in cases like Example 2-8 
involving both scaling and updating, we use the power sizing model together with cost 
indexes. 



TABLE 2-1 Example Power-Sizi 


ng Exponent Values 




Equipment/Facility 


Size Range 


Power-Sizing 

Exponent 


Blower, centrifugal 


10,000-100,000 ft 3 /min 


0.59 


Compressor 


200-2100 hp 


0.32 


Crystallizer, vacuum batch 


500-7000 ft 2 


0.37 


Dryer, drum, single atmospheric 


10-100 ft 2 


0.40 


Fan, centrifugal 


20,000-70,000 ft 2 /min 


1.17 


Filter, vacuum rotary drum 


10-1500 ft 2 


0.48 


Lagoon, aerated 


0.05-20 million gal/day 


1.13 


Motor 


5-20 hp 


0.69 


Reactor, 300 psi 


100-1000 gal 


0.56 


Tank, atmospheric, horizontal 


1 00-40,000 gal 


0.57 
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Based on her work in Example 2-7, Miriam has been asked to estimate the cost today of a 2500 ft 2 
heat exchange system for the new plant being analyzed. She has the following data. 

• Her company paid $50,000 for a 1000 ft 2 heat exchanger 5 years ago. 

■ Heat exchangers within this range of capacity have a power sizing exponent (x) of 0.55. 

• Five years ago the Heat Exchanger Cost Index (HECI) was 1306; it is 1487 today. 




Miriam will first use Equation 2-3 to scale up the cost of the 1000 ft 2 exchanger to one that is 
2500 ft 2 using the 0.55 power- si zing exponent. 



Cost of 2500 ft 2 equipment ( 2500 ft 2 equipment 



0.55 



Cost of 1000 ft 2 equipment 



Cost of 2500 ft 2 equipment = 



1000 ft 2 equipment 

0.55 

x 50,000 = $82,800 



2500 



1000 






Miriam knows that the $82,800 reflects only the scaling up of the cost of the 1000 ft 2 model 
to a 2500 ft 2 model. Now she will use Equation 2-2 and the HECI data to estimate the cost of a 
2500 ft 2 exchanger today. Miriam's cost estimate would be: 



-t- 



« a 



Equipment cost today 
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Index value today 
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Equipment cost 5 years ago Index value 5 years ago 



Equipment cost today = 



1487 









x S82.800 = $94,300 



S3 
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Triangulation 

Triangulation is used in engineering surveying. A geographical area is divided into triangles 
from which the surveyor is able to map points within drat region by using three fixed 
points and horizontal angular distances to locate fixed points of interest (e.g., property line 
reference points). Since any point can be located with two lines, the third line represents an 
extra perspective and check. We will not use trigonometry to arrive at our cost estimates, 
but we can utilize the concept of triangulation. We should approach our economic estimate 
from different perspectives because such varied perspectives add richness, confidence, and 
quality to the estimate. Triangulation in cost estimating might involve using different 
sources of data or using different quantitative models to arrive at the value being estimated. 
As decision makers we should always seek out varied perspectives. 

Improvement and the Learning Curve- 

One common phenomenon observed, regardless of the task being performed, is that as the 
number of repetitions increases, performance becomes faster and more accurate. This is the 
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concept of learning and improvement in the activities that people perform. From our own 
experience we all know that our fiftieth repetition is completed in much less time than we 
needed to accomplish the task the first time. 

The learning curve captures the relationship between task performance and task repe- 
tition. In general, as output doubles the unit production time will be reduced to some fixed 
percentage, the learning curve percentage or learning curve rate. For example, it may 
take 300 minutes to produce the third unit in a production run involving a task with a 95% 
learning time curve. In this case the sixth (2 x 3) unit will take 300(0.95) = 285 minutes to 
produce. Sometimes the learning curve is also known as the progress curve, improvement 
curve, experience curve, or manufacturing progress function. 

Equation 2-4 gives an expression that can be used for time estimating in repetitive 
tasks. 

Tv = Tmtu-i x (2-4) 



where T N = time requirement for the N th unit of production 

Tnitiai = time requirement for the first (initial) unit of production 

N = number of completed units (cumulative production) 

b = learning curve exponent (slope of the learning curve on a log-log plot) 

As just given, a learning curve is often referred to by its percentage learning slope, Thus, 
a curve with b = —0.074 is a 95% learning curve because 2 -0 074 = 0.95. This equation 
uses 2 because the learning curve percentage applies for doubling cumulative production. 
The learning curve exponent is calculated using Equation 2-5. 



log (learning curve expressed as a decimal) 

b = — 

log 2.0 



(2-5) 




Calculate the time required to produce the hundredth unit of a production run if the first unit took 
32.0 minutes to produce and the learning curve rate for production is 80%. 




Tim - 7, x 100 logasO/1 ^ 2 - 0 
Tics = 32.0 x 100- a?2!9 



T ioo — 7.27 minutes 



It is particularly important to account for the learning-curve effect if the production 
run involves a small number of units instead of a large number. When thousands or even 
millions of units are being produced, early inefficiencies tend to be “averaged out” because 
of the larger batch sizes. However, in the short run, inefficiencies of the same magnitude 
can lead to rather poor estimates of production time requirements, and thus production 
cost estimates may be understated. Consider Example 2-10 and the results that might be 
observed if the learning-curve effect is ignored. Notice in this example that a “steady state” 
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time is given. Steady state is the time at which the physical constraints of performing the 
task prevent the achievement of any more learning or improvement. 




Estimate the overall labor cost portion due to a task that, has a learning-curve rate of 85% and 
reaches a steady state value after 1 6 units of 5 .0 minutes per unit. Labor and benefits are $22 per 
hour, and the task requires two skilled workers. The overall production run is 20 units. 




Because we know the time required for the 16 th unit, we can use Equation 2-4 to calculate the 
time required to produce the first unit. 

= Jj x 16 log0 85/,og2 '0 

5.0 Tj x lfi -0 ' 2345 

' 

T\ 9.6 minutes 



Now we use Equation 2-4 to calculate the time requirements for each unit in the production run 
as well as the total production time required. 

T n = 9.6 x N~ (nU5 



Unit 


Time (min) 


Cumulative 


Unit 


Time (min) 


Cumulative 


Number, 


to produce 


Time from 


Number, 


to produce 


Time from 


N 


N th Unit 


1 to N 


N 


N r,h Unit 


1 to A 7 


1 


9.6 


9.6 


11 


5.5 


74.0 


2 


8.2 


17.8 


12 


5.4 


79.2 


3 


7.4 


24.2 


13 


5.3 


84.5 


4 


6.9 


32.1 


14 


5.2 


89,7 


i*-* 

0 


6.6 


38.7 


15 


5.1 


94.8 


6 


6.3 


45.0 


16 


5.0 


99.8 


7 


6.1 


51.1 


17 


5.0 


1 04.8 


8 


5.9 


57.0 


18 


5.0 


109.8 


9 


5.7 


62.7 


19 


5.0 


1 14.8 


10 


5.6 


6S.3 


20 


5.0 


119.8 



The total cumulative time of the production run is 1 19.8 minutes (2,0 hours). Thus the total 
labor cost estimate would be: 



2.0 hours x S22/hour per worker x 2 workers = $88 

If we .ignore the learning-curve effect and calculate the labor cost portion based only on the steady 
state labor rate, the estimate would be 

0.083 hpurs/unit x 20 units x $22/hour per worker x 2 workers = $73.04 

This estimate is understated by about 20% from what the true cost would be. 
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Estimating Benefits 

This chapter has focused on cost terms and cost estimating. However, engineering 
economists must often also estimate benefits. Example benefits include sales of products, 
revenues from bridge tolls' and electric power sales, cost reductions from reduced mate- 
rial or labor costs, reduced time spent in traffic jams, and reduced risk of flooding. Many 
engineering projects are undertaken precisely to secure these benefits. 

The cost concepts and cost estimating models can also be applied to economic benefits. 
Fixed and variable benefits, recurring and nonrecurring benefits, incremental benefits, and 
life-cycle benefits all have meaning. Also, issues regarding the type of estimate (rough, 
semidetailed, and detailed) as well as difficulties in estimation (one of a kind, time and 
effort, and estimator expertise) all apply directly to estimating benefits. Last, per unit, 
segmented, and indexed models are used to estimate benefits. The concept of triangulation 
is particularly important for estimating benefits. 

The uncertainty in benefit estimates is also typically asymmetric, with a broader limit 
for negative outcomes. Benefits are more likely to be overestimated than underestimated, 
so an example set of limits might be (-50%, +20%). One difference between cost and 
benefit estimation is that many costs of engineering projects occur in the near future (for 
design and construction), but the benefits are further in the future. Because benefits are often 
further in the future, they are more difficult to estimate accurately, and more uncertainty is 
typical. 

The estimation of economic benefits for inclusion in our analysis is an important step 
that should not be overlooked. Many of the models, concepts, and issues that apply in the 
estimation of costs also apply in the estimation of economic benefits. 



Cash Flow Diagrams 

The costs and benefits of engineering projects occur over time and are summarized on a cash 
flow diagram (CFD). Specifically, a CFD illustrates the size, sign, and timing of individual 
cash flows. In this way the CFD is the basis for engineering economic analysis. 

A cash flow diagram is created by first drawing a segmented time-based horizontal 
line, divided into appropriate time units. The time units on the CFD can be years, months, 
quarters, or any other consistent time unit. Then at each time at which a cash flow will 
occur, a vertical arrow is added — pointing down for costs and up for revenues or benefits. 
These cash flows are drawn to relative scale. 

The cash flows are assumed to occur at time 0 or at the end of each period. Consider 
Figure 2-7, the CFD for a specific investment opportunity whose cash flows are described 
as follows: 



Timing of Cash Flow 
At time zero (now or today) 

1 time period from today 

2 time periods from today 

3 time periods from today 

4 time periods from today 

5 time periods from today 



Size of Cash Flow 
A positive cash flow of $100 
A negative cash flow of $100 
A positive cash flow of $100 
A negative cash flow of $150 
A negative cash flow of $150 
A positive cash flow of $50 




FIGURE 2-7 An example cash flow 
diagram (CFD). 



$100 



End of Period 2 
is also Beginning 
of Period 3. 



$50 
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Period 1 



t 
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3 4 5 



Time 0 



(“today") $100 



$150 $150 



Categories of Cash Flows 

The expenses and receipts due to engineering projects usually fall into one of the following 
categories. 

First cost = expense to build or to buy and install 

Operations and maintenance (O&M) = annual expense, such as electricity, labor, and 

minor repairs 

Salvage value = receipt at project termination for sale or transfer of the equipment (can 

be a salvage cost) 

Revenues = annual receipts due to sale of products or services 

Overhaul = major capital expenditure that occurs during the asset’s life 

Individual projects will often have specific costs, revenues, or user benefits. For ex- 
ample, annual operations and maintenance (O&M) expenses on an assembly line might be 
divided into direct labor, power, and other, Similarly, a public-sector dam project might 
have its annual benefits divided into flood control, agricultural irrigation, and recreation. 

Drawing a Cash Flow Diagram 

The cash flow diagram shows when all cash flows occur. Look at Figure 2-7 and the $100 
positive cash flow at the end of period 2. From the time line one can see that thi s cash flow 
can also be described as occurring at the beginning of period 3. Thus, in a CFD the end 
of period t is the same time as the beginning of period t 4- 1. Beginning-of-period cash 
flows (such as rent, lease, and insurance payments) are thus easy to handle: just draw your 
CFD and put them in where they occur. Thus O&M, salvages, revenues, and overhauls are 
assumed to be end-of-period cash flows. 

The choice of time 0 is arbitrary. For example, it can be when a project is analyzed, 
when funding is approved, or when construction begins. When construction periods are 
assumed to be short; first costs are assumed to occur at time 0, and the first annual revenues 
and costs start at the end of the first period. When construction periods are long, time 0 is 
usually the date of commissioning — when the facility comes on stream. 

Perspective is also important when one is drawing a CFD. Consider the simple trans- 
action of paying $5000 for some equipment. To the firm buying the equipment, the cash 
flow is a cost and hence negative in sign. To the firm selling, the equipment, the cash flow 
is a revenue and positive in sign. This simple example shows that a consistent perspective 
is required when one is using a CFD to model the cash flows of a problem. One person’s 
cash outflow is another person’s inflow. 

Often two or more cash flows occur in the same year, such as an overhaul and an O&M 
expense or the salvage value and the last year’s O&M expense. Combining these into one 
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total cash flow per year would simplify the cash flow diagram. However, it is better to show 
each individually, to ensure a clear connection from the problem statement to each cash 
flow in the diagram. 

Drawing Cash Flow Diagrams with a Spreadsheet 

One simple way to draw cash flow diagrams with “arrows proportional to the size of the 
cash flows is to use a spreadsheet to draw a stacked bar chart. The data for the cash flows is 
entered, as shown in the table part of Figure 2-8. To make a quick graph, select cells B1 to 
D8, which are the three columns of the cash flow'. Then select the graph menu and choose 
column chart and select the stack option. Except for labeling axes (using the cells for year 
0 to year 6), choosing the scale for the y axis, and adding titles, the cash flow diagram is 
done. Refer to the appendix for a review of basic spreadsheet use* (Note: a bar chart labels 
periods rather than using an ;t axis with arrows at times 0, 1,2.,..) 





A 


B 


c 


D 


B 


F 


1 


Year 


Capital Costs 


O&M 


Overhaul 






2 


0 


- 80000 










3 


l 




- 1 2000 








4 


2 




-12000 






5 


3 




- 12000 


-25000 




6 


4 




- 1 2000 








7 


5 1 




r - 1 2000 








8 


o 


10000 


-12000 








9 















1 1 



17 



IS 



20 



2.1 

22 



10 



12 
3 3 



14 






16 



19 



uO 

'O 

G 

ci 

C/5 

3 

G 

JG 



£ 

O 

E 

ja 

'S.I 

u 



$10 

so 

$10 

$20 

$30 

$40 

$50 

$60 

$70 

$80 



n 



>v 



] CaDilal costs 



O&M 



Overhaul 



0 



3 

Year 



FIGURE 2-8 Example of cash flow diagram in spreadsheets. 



Summary 

This chapter has introduced the following cost concepts: fixed and variable, marginal and 
average, sunk, opportunity, recurring and nonrecurring, incremental, cash and book, and 
life-cycle. Fixed costs are constant and unchanging as volumes change, while variable 
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costs change as output changes. Fixed and variable costs are used to find a breakeven value 
between costs and revenues, as well as the regions of net profit and loss. A marginal cost 
is for one more unit, while the average cost is the total cost divided by the number of units. 

Sunk costs result from past decisions and should not influence our attitude toward 
current and future opportunities. Remember, “sunk costs are sunk.” Opportunity costs 
involve the benefit that is forgone when we choose to use a resource in one activity instead 
of another. Recurring costs can be planned and anticipated expenses; nonrecurring costs 
are one-of-a-kind costs that are often more difficult to anticipate. 

Incremental costs are economic consequences associated with the differences between 
two choices of action, Cash costs are also known as out-of-pocket costs that represent actual 
cash flows. Book costs do not result in the exchange of money, but rather are costs listed 
in a firm’s accounting books. Life-cycle costs are all costs that are incurred over the life 
of a product, process, or service. Thus engineering designers must consider life-cycle costs 
when choosing materials and components, tolerances, processes, testing, safety, service and 
warranty, and disposal. 

Cost estimating is the process of “developing the numbers” for engineering economic 
analysis. Unlike a textbook, the real world does not present its challenges with neat problem 
statements that provide all the data. Rough estimates give us order- of- magnitude numbers 
and are useful for high-level and initial planning as well as judging the feasibility of alterna- 
tives. Semidetailed estimates are more accurate than rough-order estimates, thus requiring 
more resources (people, time, and money) to develop. These estimates are used in prelim- 
inary design and budgeting activities. Detailed estimates generally have an accuracy of 
±3-5%. They are used during the detailed design and contract bidding phases of a project. 

Difficulties are common in developing estimates. One-of-a-kind estimates will have 
no basis in earlier work, but this disadvantage can be addressed through estimation by 
analogy. Lack of time available is best addressed by planning and by matching the estimate’s 
detail to the purpose — -one should not spend money developing a detailed estimate when 
only a rough estimate is needed. Estimator expertise must be developed through work 
experiences and mentors. 

Several general models and techniques for developing cost estimates were discussed. 
The per-unit and segmenting models use different levels of detail and costs per square foot 
or other unit. Cost index data are useful for updating historical costs to formulate current 
estimates. The power-sizing model is useful for scaling up or down a known cost quantity to 
account for economies of scale, with different power-sizing exponents for industrial plants 
and equipment of different types. Tri angulation suggests that one should seek varying 
perspectives when developing cost estimates. Different information sources, databases, 
and analytical models can all be used to create unique perspectives. As the number of 
task repetitions increases, efficiency improves because of learning or improvement. This is 
summarized in the learning-curve percentage, where doubling the cumulative production 
reduces the time to complete the task, which equals the learning-curve percentage times the 
current production time, 

Cash flow estimation must include project benefits. These include labor cost savings, 
avoided quality costs, direct revenue from sales, reduced catastrophic ri sks, improved traffic 
flow, and cheaper power supplies. Cash flow diagrams are used to model the positive 
and negative cash flows of potential investment opportunities. These diagrams provide a 
consistent view of the problem (and the alternatives) to support economic analysis. 
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Problems 



2-1 Bob Johnson decided to purchase a new home. After 
looking at tracts of new homes, he decided that a 
custom-built home was preferable. He hired an archi- 
tect to prepare the drawings. In due time, the archi- 
tect completed the drawings and submitted them. Bob 
liked the plans; he was less pleased that he had to pay 
the architect a fee of $4000 to design the house. Bob 
asked a building contractor to provide a bid to con- 
struct the home on a lot Bob already owned. While 
the contractor was working to assemble the bid, Bob 
came across a book of standard house plans. In the 
book was a home that he and his wife liked better than 
the one designed for them by the architect. Bob paid 
$75 and obtained a complete set of plans for this other 
house. Bob then asked the contractor to provide a bid 
to construct this “stock plan 1 ' home. In tins way Bob 
felt he could compare the costs and make a decision. 
The building contractor submitted the following bids: 

Custom-designed home $128,000 

Stock-plan home 128,500 

Bob was willing to pay the extra $500 for it. Bob's 
wife, however, felt they should go ahead with the 
custom-designed home, for, as she put it, “We can't 
afford to throw away a set of plans that cost $4000." 
Bob agreed, but he disliked the thought of building a 
home that is less desirable than the stock plan home. 
Then he asked your advice. Which house would you 
advise him to build? Explain, 

2-2 Venus Computer can produce 23,000 personal com- 
puters a year on its daytime shift. The fixed manu- 
facturing costs per year are $2 million and the total 
labor cost is $9,109,000- To increase its production 
to 46,000 computers per year, Venus is considering 
adding a second shift. The unit labor cost for the sec- 
ond shift would be 25% higher than the day shift, but 
the total fixed manufacturing costs would increase 
only to $2.4 million from $2 million, 

(a) Compute the unit manufacturing cost for the 
daytime shift. 

(b) Would adding a second shift increase or decrease 
the unit manufacturing cost at the plant? 

2-3 A small machine shop, with 30 hp of connected load, 
purchases electricity under the following monthly 
rates (assume any demand charge is included in this 
schedule): 



First 50 kw-hr per hp of connected load at 8.6^ 
per kw-hr 

Next 50 kw-hr per hp of connected load at 6.6^ 
per kw-hr 

Next 150 kw-hr per hp of connected load at 4.0£ 
per kw-hr 

All electricity over 250 kw-hr per hp of con- 
nected load at 3.7^ per kw-hr 

The shop uses 2800 kw-hr per month. 

(a) Calculate the monthly bill for this shop* What are 
the marginal and average costs per kilowatt-hour? 
(h) Suppose Jennifer, the proprietor of the shop, 
has the chance to secure additional business that 
will require her to operate her existing equip- 
ment more hours per day. This will use an extra 
1200 kw-hr per month. What is the lowest fig- 
ure that she might reasonably consider to be the 
“cost” of this additional energy ? What is this per 
kilowatt-hour? 

(c) She contemplates installing certain new machines 
that will reduce the labor time required on cer- 
tain operations. These will increase the connected 
load by 10 hp, but since they will operate only on 
certain special jobs, will add only 100 kw-hr per 
month. In a study to determine the economy of 
installing these new machines, what should be 
considered as the “cost" of this energy? What is 
this per kilowatt-hour? 

2 - 4 Tw o au tom at i c sy stems f or d i spe n si ng map s are be i n g 

compared by the state highway department. The 
accompanying breakeven chart of the comparison 
of these systems (System I vs System II) shows 
total yearly costs for the number of maps dispensed 
per year for both alternatives. Answer the following 
questions. 

(a) What is the fixed cost for System 1? 

( b ) What is the fixed cost for System II? 

(c) What is die variable cost per map dispensed for 
System I? 

(d) What is tire variable cost per map dispensed for 
System II? 

(e) What is the breakeven point in terms of maps 
dispensed at which the two systems have equal 
annual costs? 

(/) For what range of annual number of maps dis- 
pensed is System I recommended? 
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(g) For what range of annual number of maps dis- 
pensed is System II recommended? 

(h) At 3000 maps per year, what are the marginal and 
average map costs for each system? 

2-5 Mr, Sam Spade, the president of Ajax, recently read 
in a report that a competitor named Bendix has the 
following relationship between cost and production 
quantity: 

C = $3,000,000 - $18,000(2 + $75 Q 2 



where C — total manufacturing cost per year and 
Q — number of units produced per year, 

A newly hired employee, who previously 
worked for Bendix, tells Mr. Spade that Bendix is 
now producing 110 units per year If fhe selling price 
remains unchanged, Sam wonders if Bendix is likely 
to increase the number of units produced per year, in 
the near future. He asks you to look at the information 
and tell him what you are able to deduce from it. 

2-6 A privately owned summer camp for youngsters has 
the following data for a 12- week session: 



Charge per camper 
Fixed costs 

Variable cost per camper 
Capacity 



$120 per week 
$48,000 per session 
$80 per week 
200 campers 



(a) Develop the mathematical relationships for total 
cost and total revenue. 

(h) What is the total number of campers that will 
allow the camp to just break even} 

(c) What is the profit or loss for the 12-week session 
if the camp operates at 80% capacity? 



2-7 Two new rides are being compared by a local amuse- 
ment park in terms of their annual operating costs. 
The two rides are assumed to be able to generate the 
same level of revenue (and thus the focus on costs). 
The Tummy Tugger has fixed costs of $10,000 per 
year and variable costs of $2.50 per visitor. The Head 
Buzzer has fixed costs of $4000 per year, and variable 
costs of $4 per visitor. Provide answers to the follow- 
ing questions so the amusement park can make the 
needed comparison, 

(a) Mathematically determine the breakeven number 
of visitors per year for the two rides to have equal 
annual costs. 

(b) Develop a graph that illustrates the following: 
(Note: Put visitors per year on the horizontal axis 
and costs on the vertical axis.) 

e Accurate total cost lines for the two alternatives 
(show line, slopes, and equations). 

* The breakeven point for the two rides in terms 
of number of visitors. 

* The ranges of visitors per year where each 
alternative is preferred. 

2-8 Consider the accompanying breakeven graph for an 
investment, and answer the following questions as 
they pertain to the graph. 




(a) Give the equation to describe total revenue for x 
units per year. 

( b ) Give the equation to describe total costs for x 
units per year. 

(c) What is the 'breakeven'' level of x in terms of 
costs and revenues? 

(d) If you sell 1500 units this year, will you have a 
profit or loss? How much? 

2-9 Quatro Hermanns, Inc. is investigating implement- 
ing some new production machinery as part of its 
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operations. Three alternatives have been identified, 
and they have the following fixed and variable costs: 







Annua) 




Annual 


Variable Costs 


Alternative 


Fixed Costs 


per Unit 


A 


$100,000 


$20.00 


B 


200,000 


5.00 


C 


150,000 


7.50 



are $10,875. The price-demand relationship for this 
product is P = —0.2 5D + 250, where P is the unit 
sales price of the product and D is the annual demand. 
Use the data (and helpful hints) that follow to work 
out answers to parts (a)-{e). 

5 Total cost = Fixed cost + Variable cost 
3 Revenue = Demand x Price 
3 Profit = Revenue — Total cost 



Determine the ranges of production (units pro- 
duced per year) over which each alternative would 
be recommended for implementation by Quatro 
Hermanas. Be exact. {Note: Consider the range of 
production to be from 0-30,000 units per year.) 

2-10 Three alternative designs have been created by 
Snakisco engineers for a new machine that spreads 
cheese between the crackers in a Snakisco snack. 
Each machine design has unique total costs (fixed 
and variable) based on the annual production rate 
of boxes of these crackers. The costs for the three 
designs are given (where x is the annual production 
rate of boxes of cheese crackers). 



Design 

A 

8 

C 



Fixed Cost 
$100,000 

350.000 

600.000 



Variable Cost ($/.v) 

20. 5 A' 

10.5a 

8.0a 



You are asked to do the following, 

(a) Mathematically determine which of the machine 
designs would be recommended for different 
levels of annual production of boxes of snack 
crackers. Management is interested in the produc- 
tion interval of 0-150,000 boxes of crackers per 
year. Over what production volume would each 
design (A or B or C) be chosen? 

(b) Depict your solution from part (a) graphically, 
putting x per year on the horizontal axis and $ 
on the vertical axis, so that management can see 
more easily the following: 

i. Accurate total cost lines for each alternative 
(show line, slopes, and line equations). 

ii. Any relevant breakeven, or crossover points 
in terms of costs between the alternatives. 

in. Ranges of annual production where each 
alternative is preferred. 

iv. Clearly label your axes and include a title for 
tlie graph. 

2-11 A small company manufactures a certain product. 
Variable costs are $20 per unit and fixed costs 



Set up your graph with dollars on the y axis, (between 
0 and $70,000) and, on the x axis, demand D: (units 
produced or sold), between 0 and 1000 units. 

(a) Develop the equations for total cost and total 
revenue. 

( b ) Find the breakeven quantity (in terms of profit 
and loss) for the product. 

(c) What profit would the company obtain by maxi- 
mizing its total revenue? 

(d) What is the company’s maximum possible profit? 

(e) Neatly graph the solutions from parts (a), (b)> 

(c), and (d). 

2-12 A painting operation is performed by a production 
worker at a labor cost of $ 1 .40 per unit. A robot spray- 
painting machine, costing $15,000, would reduce 
the labor cost to $0.20 per unit. If the device would 
be valueless at the end of 3 years, what is the mini- 
mum number of units that would have to be painted 
each year to justify the purchase of the robot machine? 

2-13 Company A has fixed expenses of $15,000 per year 
and each unit of product has a $0,002 variable cost. 
Company B has fixed expenses of $5000 per year 
and can produce the same product at a $0*05 vari- 
able cost. At what number of units of animal produc- 
tion will Company A have the same overall cost as 
Company B1 

2-1 4 A firm believes the sales volume OS) of its product 
depends on its unit selling price (P) and can be deter- 
mined from the equation P = $100 — S< The cost (C) 
of producing the product is $1000 -b 105\ 

(a) Draw a graph with the sales volume (Y) from 0 to 
100 on the a axis, and total cost and total income 
from 0 to 2500 on the y axis. On the graph draw 
the line C = $1000 4- 10 S, Then plot the curve 
of total income [which is sales volume ( S ) x unit 
selling price ($100 — 5)]. Mark the breakeven 
points on the graph. 

( b ) Determine the breakeven point (lowest sales 
volume where total sales income just equals total 
production cost). {Hint: This may be done by trial 
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and error or by using the quadratic equation to 
locate the point at which profit is zero.) 

(c) Determine the sales volume (5) at which the 
firm's profit is a maximum. {Hint: Write an equa- 
tion for profit and solve it by trial and error, or as 
a minima-maxima calculus problem.) 

Consider the situation of owning rental properties 
that local university students rent from you on an aca- 
demic year basis. Develop a set of costs that you could 
classify as recurring and others that could be classi- 
fied as nonrecurring. 

2-16 Define the difference between a “cash cost'' and a 
“book cost.” Is engineering economic analysis con- 
cerned with both types of cost? Give an example of 
each, and provide the context in which it is important. 

2 -" _ In your own words, develop a statement of what the 
authors mean by “life-cycle costs ” Is it important for 
a firm to be aware of life-cycle costs? Explain why. 

2-18 In looking at Figures 2-4 and 2-5, restate in your own 
words what the authors are trying to get across with 
these figures. Do you agree that this is an important 
effect for companies? Explain. 

2-1 9 In the text the authors describe three effects that com- 
plicate the process of making estimates to be used 
in engineering economy analyses. List these three 
effects and comment on which of these might be most 
influential. 

2-20 Northern Tundra Telephone (NTT) has received a 
contract to install emergency phones along a new 
100-mile section of the Snow-Moose Turnpike. Fifty 
emergency phone systems will be installed about 
2 miles apart. The material cost of a unit is $125. 
NTT will need to run underground communica- 
tion lines that cost NTT $7500 per mile (including 
labor) to install. There will also be a one-time cost of 
$ 10,000 to network these phones into NTT's current 
communication system. You are asked to develop 
a cost estimate of the project from NTT’s perspec- 
tive. If NTT adds a profit margin of 35% to its 
costs, bow much will it cost the state to fund the 
project? 

2-21 You and your spouse are planning a second honey- 
moon to the Cayman Islands this summer and would 
like to have your house painted while you are away. 
Estimate the total cost of the paint job from the infor- 
mation given below, where: 



Cosq oln i — Costpaim + Costco* + CoStfixed 



Paint information: Your house has a surface area 
of 6000 ft 2 . One can of paint can cover 300 ft 2 . 
You are estimating the cost to put on two coats of 
paint for the entire house, using the cost per can 
given. Note the incremental decrease in unit cost 
per can as you purchase more and more cans. 



Number of Cans Purchased 
First 10 cans purchased 
Second 1 5 cans purchased 
Up to next 50 cans purchased 



Cost per Can 
$15.00 
$10.00 
$7.50 



Labor information: You plan to hire five 
painters who will paint for 10 hours per day each. 
You estimate that the job will require 4.5 days 
of their painting time. The painter's labor rate is 
$8,75 per hour. 

Fixed cost information : There is a fixed cost of 
$200 per job that the painting company charges 
to cover travel expenses, clothing, cloths, thin- 
ner, administration, and so on. 



2-22 You are interested in having a mountain cabin built 
for weekend trips, vacations, to host family, and 
perhaps eventually to retire in. After discussing the 
project with a local contractor, you receive an esti- 
mate that the total construction cost of your 2000 ft 2 
lodge will be $150,000. Costs within each category 
include labor, material, and overhead items. The per- 
centage of costs for each of several items (categories) 
is broken down as follows: 

Percentage of 



Cost Items Total Costs 

Construction permits, legal and 8% 

title fees 

Roadway, site clearing, preparation 15 

Foundation, concrete, masonry 13 

Wallboard, flooring, carpentry 12 

Heating, ventilation, air 13 

conditioning 

Electric, plumbing, communications 10 

Roofing, flooring 12 

Painting, finishing 

100 



(a) What is the cost per square foot of the 2000 ft 
lodge? 

(b) If you are also considering a 4000 ft 2 layout 
option, estimate your construction costs if: 

i. All cost items (in the table) change propor- 
tionately to the size increase. 
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ii. The first two cost items do not change at all; 
all others are proportionate. 

2-23 SungSam, Inc. is currently designing a new digital, 
camcorder that is projected to have the following per 
unit costs to manufacture: 



2-26 An re finisher of antiques named Constance has been 
so successful with her small business that she is plan- 
ning to expand her shop with all new equipment. She 
is going to start enlarging her shop by purchasing the 
following equipment. 



Cost Categories 


Unit Costs 






Cost of 


Power- 


New 


Materials costs 


$112 




Original 


Original 


Sizing 


Equipment 


Labor costs 


85 


Equipment 


Size 


Equipment 


Exponent 


Size 


Overhead costs 


213 


Varnish bath 


50 gal 


$3500 


0.80 


75 gal 






Power scraper 


3/4 hp 


$250 


0.22 


1.5 hp 


Total Unit Cost 


$410 


Paint booth 


3 ft 3 


$3000 


0.6 


12 ft 3 



SungSam adds 30% to its manufacturing cost for 
corporate profit. Answer the following questions: 

(i a ) What unit profit would SungSam realize on each 
camcorder? 

(b) What is the overall cost to produce a batch of 
10,000 camcorders? 

(c) What would SungSam’s profit be on the batch of 
10,000 if historical data shows that 1% of product 
will be scrapped in manufacturing, and 3% of fin- 
ished product will go unsold, 2% of sold product 
will be returned for refund? 

id) How much can SungSam afford to pay for a con- 
tract that would lock in a 50% reduction in the 
unit material cost previously given? If SungSam 
does sign the contract, the sales price will remain 
the same as before. 

2-24 Pi fty years ago, Grandma Bel 1 purchased a set of gold- 
plated dinnerware for S55, and last year you inherited 
it. Unfortunately a house fire at your home destroyed 
the set. Your insurance company is at a loss to define 
the replacement cost and has asked your help. You do 
some research and find that the Aurum Flatware Cost 
Index (AFCI) for gold-plated dinnerware, which was 
112 when Grandma Bell bought her set, is at 2050 
today. Use the AFCI to update the cost of Bell’s set 
to today’s cost to show r to the insurance company. 

2-25 Your boss is tire director of reporting for the Athens 
County Construction Agency (ACC A), ft has been his 
job to track the cost of construction in Athens County, 
Twenty-five years ago he created the ACC A Cost 
Index to track these costs. Costs during the first year 
of the index w'ere $ 12 per square foot of constructed 
space (the index value was set at 100 for that first 
year). This past year a survey of contractors revealed 
that costs were $72 per square foot. What index num- 
ber will your boss publish in his report for this year? 
If the index value was 525 last year, what was the cost 
per square fool last year ? 



What would be the net cost to Constance to obtain this 
equipment — assume that she can trade the old equip- 
ment in for 15% of its original cost. Assume also that 
the relative price to purchase the equipment has not 
changed over time (that is, there has been no inflation 
in equipment prices). 

2-27 Refer to Problem 2-26 and now assume the prices 
for the equipment that Constance wants to replace 
have not been constant . Use the cost index data for 
each piece of equipment to update die costs to die 
price that would be paid today. Develop the overall 
cost for Constance, again assuming the 15% trade-in 
allow r ance for the old equipment. Use any necessary 



data from Problem 2-26. 




Original 


Cost Index 
When Originally 


Cost Index 


Equipment 


Purchased 


Today 


Varnish bath 


154 


171 


Power scraper 


780 


900 


Paint booth 


49 


76 


Five years ago, 


when the relevant 


cost iDtlex was 



120, a nuclear centrifuge cost $40,000. The centrifuge 
had a capacity of separating 1500 gallons of ionized 
solution per hour. Today, it is desired to build a cen- 
trifuge with capacity of 4500 gallons per hour, but 
the cost index now is 300. Assuming a power-sizing 
exponent to reflect economies of scale, x, of 0.75, use 
the power-sizing model to determine the approximate 
cost (expressed in today’s dollars) of the new reactor. 

2-29 Padre works for a trade magazine that publishes 
lists of Power- Sizing Exponents (PSE) that reflect 
economies of scale for developing engineering es- 
timates of various types of equipment. Padre has 
been unable to find any published data on the VMIC 
machine and wants to list its PSE value in his next 
issue. Given the following data (your staff was able 
to find data regarding costs and sizes of the VMIC 
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machine) calculate the PSE value that Padre should booklets that offer excuses for missed appointments, 

publish, (Note: The VMIC-100 can handle twice the His assistant Doc Duckout has collected information 

volume of a VMIC-50*) that Randy will need in developing his estimate! 



Cost of VMIC-100 today $100,000 
Cost of VM1C-50 5 years ago $45,000 
VMIC equipment index today = 214 
VMIC equipment index 5 years ago =151 

2-30 Develop an estimate for each of the following 
situations. 

(a) The cost of a 500-mile automobile trip, if gasoline 
is $1 per gallon, vehicle wear and tear is $0.08 per 
mile, and our vehicle gets 20 miles per gallon. 

( b ) The total number of hours in the average human 
life, if the average life is 75 years. 

(c) The number of days it takes to travel around the 
equator using a hot air balloon, if the balloon 
averages 100 miles per day, the diameter of the 
earth is ^4 000 miles. (Note: Circumference — n 
times diameter.) 

id) The total area in square miles of the United States 
of America, if Kansas is an average-sized state. 
Kansas has an area of 390 miles x 200 miles. 

2-31 I f 200 1 abor hou r s w e re re qu ired to prod u ce the 1 sl u n i t 
in a production run and 60 labor hours were required 
to produce the 7 th unit, what was the learning-curve 
rate during production? 

2-32 Rose is a project manager at the civil engineering con- 
sulting firm of Sands, Gravel, Concrete, and Waters, 
Inc* She has been collecting data on a project in which 
concrete pillars were being constructed, however not 
all the data are available* She has been able to find 
out that the 1G !l pillar required 260 person-hours to 
construct, and that a 75% learning curve applied. She 
is interested in calculating the time required to con- 
struct the 1 * and 20 th pillars. Compute the values for 
her. 

2-33 Sally Statistics is implementing a system of statisti- 
cal process control (SPC) charts in her factor}' 1 iri an 
effort to reduce the overall cost of scrapped product* 
The current cost of scrap is $X per month. If an 80% 
learning curve is expected in the use of the SPC charts 
to reduce the cost of scrap, what would the percent- 
age reduction in monthly scrap cost be after the charts 
have been implemented for 12 months? (Hint: Model 
each month as a unit of production.) 

2-34 Randy Duckout has been asked to develop an esti- 
mate of the per-unit selling price (the price that each 
unit will be sold for) of a new line of hand-crafted 



Cost of direct labor 
Cost of materials 

Cost of overhead items 

Desired profit 



$20 per hour 
$43.75 per batch 
of 25 booklets 
50% of direct labor 
cost 

20% of total 

manufacturing cost 



Doc also finds out that (1) they should use a 75% 
learning curve for estimating the cost of direct labor, 
(2) the time to complete the 1 st booklet is estimated 
at 0,60 hour, and (3) the estimated time to complete 
the 25 th booklet should be used as their standard time 
for the purpose of determining the unit selling price , 
What would Randy and Doc's estimate be for the unit 
selling price'} 

2-35 Develop a statement that expresses the extent to which 
cost estimating topics also apply to estimating bene- 
fits. Provide examples to illustrate. 

2-36 C)n December 1, A1 Smith purchased a car for 
$18,500. He paid $5000 immediately and agreed to 
pay three additional payments of $6000 each (which 
includes principal and interest) at the end of 1 , 2, and 
3 years. Maintenance for the car is projected at $1000 
at the end of the first year and $2000 at the end of each 
subsequent year. AJ expects to sell the car at the end 
of the fourth year (after paying for the maintenance 
work) for $7000. Using these facts, prepare a table of 
cash flows. 



2-37 Bonka Toys is considering a robot that will cost 
$20,000 to buy. After 7 years its salvage value will be 
$2000, An overhaul costing $5000 will be needed in 
year 4. O&M costs will be $2500 per year. Draw the 
cash flow diagram. 

2-38 pine Village needs some additional recreation fields. 
Construction will cost $225,000 and annual O&M 
expenses are $85,000. The city 1 council estimates that 
the value of added youth leagues is about $190,000 
annually. In year 6 another $75,000 will be needed 
to refurbish the fields. The salvage value is estimated 
to be $100,000 after 10 years. Draw the cash flow 
diagram. 

2-39 Identify your major cash flows for the current school 
term as flrst costs, O&M expenses, salvage values, 
revenues, overhauls, and so on. Using a week as the 
time period, draw the cash flow diagram. 





After Completing This Chapter... 

The student should be able to: 

Define and provide examples of the time value of money. 

* Distinguish between simple and compound interest, and use compound interest in engi- 
neering economic analysis. 

* Explain equivalence of cash flows. 

* Solve problems using the single payment compound interest formulas. 



Questions to Consider 






1. Tobacco bonds often pay interest of as much as 7%, while conventional stale government 
bonds may pay only 5%. On a $ 1 million bond with a term of 25 years, how much does 
this interest differential amount to, in total? 

2. Assuming a 2% interest differential, over a 25-year period, how much are states losing 
by opting to take the settlement money "up front” instead of collecting the long-term 
payout? 

3. When the money they get from selling bonds runs out , stale governments will have to find 
a new way of closing their budget gaps. Already, some commentators are suggesting 
that states may soon look to other business sectors as “deep pockets.” The tobacco 
industry' was particularly vulnerable because it sold a product that came to be seen as 
dangerous and socially undesirable. What other industries might face the same fate in 
years to come? How about fast-food restaurant chains, or sellers of alcohol products? 
Should a company like Anheuser-Busch be worried? Should companies in potentially 



[£ 



problematic” industries consider setting aside money for future settlement costs? 






Interest and Equivalence 



Going Up in Smoke 

State governments throughout the United States agreed to a large financial windfall in 1998. 
Tobacco companies agreed to pay in perpetuity to settle claims arising from the health effects 
of smoking. Payments over the first 25 years are estimated to be nearly $250 billion. 

State officials announced they would earmark these funds for goals such as health 
care, education and, of course, antismoking campaigns. But several states involved in the 
settlement were chronically short of money and were desperate to plug budget deficits. If 
only they could get their hands on the full value of that tobacco settlement now, instead of 
waiting for the payments to dribble in year by year 

That’s when someone hit on the idea of rais- 
ing instant money by issuing tc tobacco bonds 11 ; 
the states would sell bonds to investors and pay 
them interest out of the tobacco settlement pay- 
ments the states were receiving. State govern- 
ments could get the whole sale price of the bond 
up front; investors would get ongoing income 
from the bond. 

A growing number of states are now sell- 
ing these bonds, and pocketing quick billions. To 
attract buyers, however, the states have to pay 
a high rate of interest on their tobacco bonds, 
since investors view them as riskier than other 
government-backed securities. Investors reason 
that tobacco companies could go broke, after 
all— especially if the no-smoking laws being 
passed all over the country cause enough people 
to snuff out their cigarette habit for good. 
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In the first chapter, we discussed the engineering economic decision process. In Chapter 2 
we described models used to estimate the costs and benefits that are summarized in cash 
flow diagrams. For many of the situations we examined, the economic consequences of an 
alternative were immediate or took place in a very’ short period of time, as in Example 1-2 
(the decision on tire design of a concrete aggregate mix) or Example 1-3 (the change of 
manufacturing method). In such relatively simple situations, we total the various positive 
and negative aspects, compare our results, and quickly reach a decision. But can we do the 
same if the economic consequences occur over a considerable period of time? 

No we cannot, because money has value over time. Would you rather: (1) receive 
$1000 today or (2) receive $1000 ten years from today? Obviously, the $1000 today has 
more value. Money’s value over time is expressed by an interest rate. In this chapter, we 
describe two introductory concepts involving the time value of money: interest and cash 
flow equivalence. 



Computing Cash Flows 

Installing an expensive piece of machinery in a plant obviously has economic consequences 
that occur over an extended period of time. If the machinery were bought on credit, the simple 
process of paying for it may take several years. What about the usefulness of the machinery? 
Certainly it was purchased because it would be a beneficial addition to the plant. These 
favorable consequences may last as long as the equipment performs its useful function. 
In these circumstances, we do not add up the various consequences; instead, we describe 
each alternative as cash receipts or disbursements at different points in time. In this way, 
each alternative is resolved into a set of cash flows. This is illustrated by Examples 3-1 
and 3-2. 




The manager has decided to purchase a new $30,000 mixing machine. The machine may be paid 
for in one of two ways: 



1. Pay the full price now’ minus a 3% discount. 

2, Pay $5000 now; at the end of one year, pay $8000; at the end of each of the next four 
years, pay $6000. 

List the alternatives in the form of a table of cash flows, 




in this problem the two alternatives represent different ways to pay for the mixing machine. 
While the first plan represents a lump sum of $29,100 now, the second one calls for payments 
continuing until the end of the fifth year. The problem is to convert an alternative into cash receipts 
O! disbursements and show the timing of each receipt or disbursement. The result is called a cash 
flow table or, more simply, a set of cash flows. 
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The cash flows for both the alternatives in this problem are very simple. The cash flow table, 
with disbursements given negative signs, is as follows: 



End of Year 

0 (now) 

1 

2 

3 

4 

5 



Pay in Full Now 

-$29,100 

0 

0 

0 

0 

0 



Pay Over 5 Years 

-$5000 

8000 

-6000 

-6000 

-6000 

-6000 




A man oorrowed $1000 from a bank at 8% interest. He agreed to repay the loan in two end-of-year 
payments. At the end of the first year, he will repay half of the $1000 principal amount plus the 
interest that is due. At the end of the second year, he will repay the remaining half of the principal 
amount plus the interest for the second year. Compute tire borrower’s cash flow. 




In engineering economic analysis, we normally refer to the beginning of the first year as “time 0.” 
At this point the man receives $1000 from the bank. (A positive sign represents a receipt of money 
and a negative sign, a disbursement.) Thus, at time 0, the cash flow is +$1000. 

At the end of the first year, the man pays 8% interest for the use of $1000 for one year. The 
interest is 0.08 x $1000 — $80. In addition, he repays half the $1000 loan, or $500, Therefore, 
the end-of-year- 1 cash flow is —$580. 

At the end of the second year, the payment is 8 % for the use of the balance of the principal 
($500) for the one-year period, or 0.08 x 500 = $40. The $500 principal is also repaid for a total 
end-of-year-2 cash flow of -$540. The cash flow is: 



End of Year 

0 (now) 

1 
2 



Cash Flow 
+$ 1 000 

-580 

-540 



In this chapter, we will demonstrate techniques for comparing the value of money at 
different dates, an ability that is essential to engineering economic analysis. We must be able 
to compare, for example, a low-cost motor with a higher-cost motor. If there were no other 
consequences, we would obviously prefer the low-cost one. But if the higher-cost motor 
were more efficient and thereby reduced the annual electric power cost, we would want 
to consider whether to spend more money now on the motor to reduce power costs in the 
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future. This chapter will provide the methods for comparing the alternatives to determine 
which motor is preferred. 



Time Value of Money 

We often find that the monetary consequences of any alternative occur over a substantial 
period of time — say, a year or more. When monetary consequences occur in a short period 
of time, we simply add up the various sums of money and obtain a net result. But can we 
treat money this way when the time span is greater? 

Which would you prefer, $100 cash today or the assurance of receiving $100 a year 
from now? You might decide you would prefer the $100 now because that is one way to be 
certain of receiving it. But suppose you were convinced that you would receive the $100 
one year hence. Now what would be your answer? A little thought should convince you that 
it still would be more desirable to receive the $100 now. If you had the money now, rather 
than a year hence, you would have the use of it for an extra year. And if you had no current 
use for $100, you could let someone else use it. 

Money is quite a valuable asset — so valuable that people are willing to pay to have 
money available for their use. Money can be rented in roughly the same way one rents an 
apartment, only with money, the charge is called interest instead of rent. The importance 
of interest is demons tra ted by banks and savings institutions continuously offering to pay 
for the use of people’s money, to pay interest. 

If the current interest rate is 9% per year, and you put $100 into the bank for one year, 
how much will you receive back at the end of the year? You will receive your original 
$100 together with $9 interest, for a total of $109. This example demonstrates the time 
preference for money: we would rather have $100 today than the assured promise of $100 
one year hence; but we might well consider leaving the $100 in a bank if we knew it would 
be worth $109 one year hence. Thi s is because there is a time value of money in the form 
of the willingness of banks, businesses, and people to pay interest for the use of various 
sums. 



Simple Interest 

Simple interest is interest that is computed only on the original sum and not: on accrued 
interest. Thus if you were to loan a present sum of money P to someone at a simple annual 
interest rate / (stated as a decimal) for a period of n years, the amount of interest you would 
receive from the loan would be: 

Total interest earned — P x i x n = Pin (3-1) 

At the end of n years the amount of money due you, F , would equal the amount of the loan 
P plus the total interest earned. That is, the amount of money due at the end of the loan 
would be 



F = P + Pin 



(3-2) 



or F — F(1 4- in). 
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You have agreed to loan a friend $5000 for 5 years at a simple interest rate of 8% per year. How 
much interest will you receive from the loan? How mueh will your friend pay you at the end of 
5 years? 





Total interest earned — Pin ~ ($5000) (0.08) (5 yr) = $2000 



Amount due at end of loan = P + Pin = 5000 + 2000 = $7000 



In Example 3-3 the interest earned at the end of the first year is (5000)(0.08)(1) = $400, but 
this money is not paid to the lender until the end of the fifth year. As a result, the borrower 
has the use of the $400 for four years without paying any interest on it. This is how simple 
interest works, and it is easy to see why lenders seldom agree to make simple interest loans. 

Compound Interest 

With simple interest, the amount earned (for invested money) or due (for boiTOwed money) 
in one period does not affect the principal for interest calculations in later periods. However, 
this is not how interest is normally calculated. In practice, interest is computed using 
the compound interest method. For a loan, any interest owed but not paid at the end 
of the year is added to the balance due. Thus, the next year’s interest is calculated based on 
the unpaid balance due, which includes the unpaid interest from the preceding period. In tills 
way, compound interest can be thought of as interest on top of interest. This distinguishes 
compound interest from simple interest. In this section, the remainder of the book, and in 
practice you should assume that the rate is a compound interest rate. The few exceptions 
will clearly state use “simple interest.'’ 




To highlight the difference between simple and compound interest, rework Example 3-3 using an 
interest rate of 8% per year compound interest. How will this change affect the amount that your 
friend pays you at the end of 5 years? 




Original loan amount (original principal) = $5000 



Loan term = 5 years 

Interest rate charged = 8% per year compound interest 
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In the following table we calculate on a year-to-year basis the total dollar amount due at the end 
of each year. Notice that this amount becomes the principal upon which interest is calculated in 
tire next year (this is the compounding effect). 



Year 


Total Principal (P) 
on Which Interest is 
Calculated in Year n 


Interest (/) Owed at the End 
of Year n from Year n's 
Unpaid Total Principal 


Total Amount Due at the 
End of Year n f New Total 
Principal for Year n -!- 1 


i 


$5000 


$5000 x 0.08 = 400 


$5000 + 400 = 5400 


2 


5400 


5400 x 0.08 = 432 


. 

j 

5400 + 432 — 5832 

i! 

• 


3 


5832 


5832 x 0.08 = 467 


5832 + 467 = 6299 j 


4 


6299 


6299 x 0.08 = 504 


6299 I 504 = 6803 j 


5 


6803 


6803 x 0.08 = 544 


6803 + 544 =- 7347 



The total amount due at the end of the fifth year, $7347, is the amount that your friend will give 
you to repay the original loan. Notice that this amount is $347 more than die amount you received 
for loaning the same amount, for the same period, at simple interest. This, of course, is because 
of the effect of interest being earned (by you) on top of interest. 



Repaying a Debt 

To better understand the mechanics of interest, let us say that $5000 is owed and is to 
be repaid in 5 years, togedier with 8% annual interest. There are a great many ways in 
which debts are repaid; for simplicity, we have selected four specific ways for our example. 
Table 3-1 tabulates the four plans. 

In Plan 1 , $1000 will be paid at die end of each year plus the interest due at the end of 
the year for the use of money to that point. Thus, at the end of the first year, we will have had 
the use of $5000. The interest owed is 8% x $5000 = $400. The end-of-year payment is, 
therefore, $1000 principal plus $400 interest, for a total payment of $1400. At the end of the 
second year, another $1000 principal plus interest will be repaid on the money owed during 
the year. This time the amount owed has declined from $5000 to $4000 because of the $ 1 000 
principal payment at the end of the first year. The interest payment is 8% x $4000 = $320. 
making die end-of-year payment a total of $1320. As indicated in Table 3-1, the se- 
ries of payments continues each year until the loan is fully repaid at the end of the 
fifth year. 

Plan 2 is another way to repay $5000 in 5 years with interest at 8%. This time the 
end-of-year payment is limited to the interest due, with no principal payment. Instead, die 
$5000 owed is repaid in a lump sum at the end of the fifth year. The end-of-year payment 
in each of the first four years of Plan 2 is 8% x $5000 = $400. The fifth year, the payment 
is $400 interest plus the $5000 principal, for a total of $5400. 

Plan 3 calls for five equal end-of-year payments of $1252 each. At this point, we have 
not shown how the figure of $1252 was computed (see later: Example 4-3). However, it is 



I 
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E 3-1 Four Plans for Repayment of $5000 in 5 Years with Interest at 8% 



(a) 


(b) 


(c) 


(d) 


(e) 


(f) 




Amount Owed 


Interest Owed for 


Total Owed at 




Total 




at Beginning of 


That Year, 


End of Year, 


Principal 


End-of-Year 


Year Year 


8% X (b) 


(b) + (c) 


Payment 


Payment 


Plan 1: 


At end of each year pay $1000 principal plus interest due. 






1 


$5000 


$ 400 


$5400 


$1000 


$1400 


2 


4000 


320 


4320 


1000 


1320 


3 


3000 


240 


3240 


1000 


1240 


4 


2000 


160 


2160 


1000 


1160 


5 


1000 


80 


1080 


1000 


1080 






$1200 




$5000 


$6200 


Plan 2: 


Pay interest due at end of each year and principal at end of 5 years. 




i 


$5000 


$ 400 


$5400 


$ 0 


$ 400 


2 


5000 


400 


5400 


0 


400 


3 


5000 


400 


5400 


0 


400 


4 


5000 


400 


5400 


0 


400 


5 


5000 


400 


5400 


5000 


5400 






$2000 




$5000 


$7000 


Plan 3: Pay in five equal end-of-year payments. 








i 


$5000 


$ 400 


$5400 


$ 852 


$1252* 


2 


4148 


331 


4479 


921 


1252 


3 


3227 


258 


3485 


994 


1252 


4 


2233 


178 


2411 


1074 


1252 


5 


1159 


93 


1252 


1159 


1252 






$1260 




$5000 


$6260 


Plan 4: Pay principal and interest in one payment at end of 5 years. 






1 


$5000 


$ 400 


$5400 


$ 0 


$ 0 


2 


5400 


432 


5832 


0 


0 


3 


5832 


467 


6299 


0 


0 


4 


6299 


504 


6803 


0 


0 


5 


6803 


544 


7347 


5000 


7347 






$2347 




$5000 


$7347 



‘■'The exact value is $1252.28, which has been rounded to an even dollar amount. 



clear that there is some equal end-of-year amount that would repay the loan. By following 
the computations in Table 3-1, we see that this series of five payments of $1252 repays a 
$5000 debt in 5 years with interest at 8%. 

Plan 4 is still another method of repaying the $5000 debt. In this plan, no payment is 
made until the end of the fifth year when the loan is completely repaid. Note what happens 
at the end of the first year: the interest due for the first year — 8% x $5000 = $400 — is not 
paid; instead, it is added to the debt. At the second year, then, the debt has increased to 
$5400. The second year interest is thus 8% x $5400 = $432. This amount, again unpaid, is 
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added to the debt, increasing it further to $5832. At the end of the fifth year, the total sum 
due has grown to $7347 and is paid at that time (see Example 3-4). 

Note that when the $400 interest was not paid at the end of the first year, it was added 
to the debt and, in the second year, there was interest charged on this unpaid interest. That 
is, the $400 of unpaid interest resulted in 8% x $400 = $32 of additional interest charge in 
the second year. That $32, together with 8% x $5000 = $400 interest on the $5000 original 
debt, brought the total interest charge at the end o ' the second year to $432. Charging interest 
on unpaid interest is called compound interest. We will deal extensively with compound 
interest calculations later in this chapter, 

With Table 3-1 we have illustrated four different ways of accomplishing the same 
task, that is, to repay a debt of $5000 in 5 years with interest at 8%. Having described the 
alternatives, we will now use them to present the important concept of equivalence. 



Equivalence 

When we are indifferent as to whether we have a quantity of money now or the assurance 
of some other sum of money in the future, or series of future sums of money, we say that 
the present sum of money is equivalent to the future sum or series of future sums. 

If an industrial firm believed 8% was an appropriate interest rate, it would have no 
particular preference about whether it received $5000 now or was repaid by Plan 1 of 
Table 3-1. Thus $5000 today is equivalent to the series of five end-of-year payments. In 
the same fashion, the industrial firm would accept repayment Plan 2 as equivalent to $5000 
now. Logic tells us that if Plan 1 is equivalent to $5000 now and Plan 2 is also equivalent 
to $5000 now, it must follow that Plan 1 is equivalent to Plan 2. In fact, all four repayment 
plans must be equivalent to each other and to $5000 now. 

Equivalence is an essential factor in engineering economic analysis. In Chapter 2, we 
saw how an alternative could be represented by a cash flow table. How might two alternatives 
with different cash flows be compared? For example, consider the cash flows for Plans 1 
and 2: 



Year 


Plan 1 


Plan 2 


1 


-$1400 


-$400 


2 


-1320 


-400 


3 


-1240 


-400 


4 


-1160 


-400 


5 


-1080 


-5400 




-$6200 


-$7000 



If you were given your choice between the two alternatives, which one would you choose? 
Obviously the two plans have cash flows that are different. Plan 1 requires that there be 
larger payments in the first 4 years, but the total payments are smaller than the sum of 
Plan 2’s payments. To make a decision, the cash flows must be altered so that they can be 
compared. The technique of equivalence is the way we accomplish this. 

Using mathematical manipulation, we can determine an equivalent value at some point 
in time for Plan 1 and a comparable equivalent value for Plan 2, based on a selected 



Equivalence 69 



interest rate. Then we can judge the relative attrac tiveness of the two alternatives, not from 
their cash flows, but from comparable equivalent values. Since Plan 1 , like Plan 2, repays a 
present sum of $5000 with interest at 8%, the plans are equivalent to $5000 now; therefore, 
the alternatives are equally attractive. This cannot be deduced from the given cash flows 
alone. It is necessary to learn this by determining the equivalent values for each alternative 
at some point in time, which in this case is “the present.” 

Difference in Repayment Plans 

The four plans computed in Table 3-1 are equivalent in nature but different in structure. 
Table 3-2 repeats the end-of-year payment schedules from Table 3-1 and also graphs each 
plan to show the debt still owed at any point in time. Since $5000 was borrowed at the 
beginning of the first year, all the graphs begin at that point. We see, however, that the four 
plans result in quite different situations on the amount of money owed at any other point 
in time. In Plans 1 and 3, the money owed declines as time passes. With Plan 2 the debt 
remains constant, while Plan 4 increases the debt until the end of the fifth year. These graphs 
show an important difference among the repayment plans— the areas under the curves differ 
greatly. Since the axes are Money Owed and Time, the area is their product: Money owed x 
Time, in years. 

In the discussion of the time value of money, we saw that the use of money over a 
time period was valuable, that people are willing to pay interest to have the use of money 
for periods of time. When people borrow money, they axe acquiring the use of money as 
represented by the area under the curve for Money owed vs Time-. It follows that, at a given 
interest rate, the amount of interest to be paid will be proportional to the area under tire 
curve. Since in each case the $5000 loan is repaid, the interest for each plan is the total 
minus the $5000 principal: 

Plan Total Interest Paid 

1 $1200 

2 2000 

3 1260 

4 2347 

We can use Table 3-2 and the data from Table 3-1, to compute the area under each of 
the four curves, that is, the area bounded by the abscissa, the ordinate, and the curve itself. 
We multiply the ordinate (Money owed) by the abscissa (1 year) for each of the five years, 
then add: 



Shaded area — (Money owed in Year 1 )( 1 year) 

+ (Money owed in Year 2)(1 year) 
■ ■ ■ 

-f (Money owed in Year 5)(I year) 



or 



Shaded area [(Money owed! (Time)] = Dollar- Years 
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TABLE 3-2 End-of-Year Payment Schedules and Their Graphs 



Plan 1: At end of each year pay $1000 principal 
plus interest due. 



Year 

1 

2 

3 

4 

5 



End-of-Year 

Payment 

$1400 

1320 

1240 

1160 

1080 

$6200 



Plan 2: Pay interest due at end of each year and 
principal at end of 5 years. 



Year 

1 

2 

3 

4 

5 




$6000 r 
$5000 



End-of-Year 


1 $4000 L 
o 


Payment 


$ 400 


>, $3000 - 
U 


400 


| $2000 - 
$1000 - 


400 


400 




5400 


$0 L 


$7000 





1 2 3 4 5 

Time (years) 



Plan 3: Pay in five equal end-of-year payments. 



Year 

1 

2 

3 

4 

5 



End-of-Year 

Payment 

$1252 

1252 

1252 

1252 

1252 

$6260 




Plan 4: Pay principal and interest in one payment 
at end of 5 years. 



Year 

1 

2 

3 

4 

5 



End-of-Year 

Payment 



$ 



0 

0 

0 

0 

7347 




$7347 



1 2 3 4 5 

Time (years) 
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The dollar-years for the four plans would be as follows: 



Dollar- Years 



Plan 1 


Plan 2 


Plan 3 


Plan 4 



(Money owed in Year 1)(1 year) 


$ 5,000 


$ 5,000 


$ 5,000 


$ 5,000 


(Money owed in Year 2)(1 year) 


4,000 


5,000 


4,148 


5,400 


(Money owed in Year 3)(1 year) 


3,000 


5,000 


3,227 


5,832 


(Money owed in Year 4)(1 year) 


2,000 


5,000 


2,233 


6,299 


(Money owed in Year 5)( 1 year) 


1,000 


5,000 


1,159 


6,803 


Total dollar-years 


$15,000 


$25,000 


$15,767 


$29,334 



With the area under each curve computed in do 1 hr- years, the ratio of total interest paid to 
area under the curve may be obtained: 



Plan 


Total Interest 
Paid 


Area Under Cuive 
(dollar-years) 


Ratio of Total Interest Paid 
to Area Under Curve 


i 


$1200 


15,000 


0.08 


2 


2000 


25,000 


0.08 


3 


1260 


15,767 


0.08 


4 


2347 


29,334 


0.08 



We see that the ratio of total interest paid to the area under the curve is constant and equal 
to 8%. Stated another way, the total interest paid equals the interest rate times the area under 
the curve. 

From our calculations, we more easily see why the repayment plans require the payment 
of different total sums of money, yet are actually equivalent to each other. The key factor is 
that the four repayment plans provide the borrower with different quantities of dollar-years . 
Since dollar-years times interest rate equals the interest charge, the four plans result in 
different total interest charges. 

Equivalence Is Dependent on Interest Rate 

In the example of Plans 1-4, all calculations were made at an 8% interest rate. At this 
interest rate, it has been shown that all four plans are equivalent to a present sum of $5000. 
But what would happen if we were to change the problem by changing the interest rate? 

If the interest rate were increased to 9%, we know that the required interest payment 
for each plan would increase, and the calculated repayment schedules (Table 3-1 , column f) 
could no longer repay the $5000 debt with the higher interest. Instead, each plan would 
repay a sum less than the principal of $5000, because more money would have to be used 
to repay the higher interest rate. By some calculations (to be explained later in this chapter 
and in Chapter 4), the equivalent present sum that; each plan will repay at 9% interest is: 

Plan Repay a Present Sum of 

1 $4877 

2 4806 

3 4870 

4 4775 
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As predicted, at the higher 9% interest each of tire repayment plans of Table 3-1 repays a 
present sum less titan $5000. But they do not repay the same present sum. Plan 1 would 
repay $4877 with 9% interest, while Plan 2 would repay $4806. Thus, with interest at 9%, 
Plans 1 and 2 are no longer equivalent, for they will not repay the same present sum. Tile 
two series of payments (Plan 1 and Plan 2) were equivalent at 8%, but not at 9%. This 
leads to the conclusion that equivalence is dependent on the interest rate. Changing the 
interest rate destroys the equivalence between two series of payments. 

Could we create revised repayment schemes that would be equivalent to $5000 now 
with interest at 9%? Yes, of course we could: to revise Plan 1 of Table 3-1, we need to 
increase the total end-of-year payment in order to pay 9% interest on the outstanding debt. 



Year 

1 

2 

3 

4 

5 



Amount Owed at 
Beginning of Year 
$5000 
4000 
3000 
2000 
1000 



9 % Interest 
for Year 

$450 

360 

270 

180 

90 



Total End-of-Year Payment 
($1000 plus interest) 
$1450 
1360 
1270 
1180 
1090 



Plan 2 of Table 3-1 is revised for 9% interest by increasing the first four payments to 
9% x $5000 = $450 and the final payment to $5450. Two plans that repay $5000 in 5 years 
with interest at 9% are: 



Revised 


End-of-Year 


Payments 


Year 


Plan 1 


Plan 2 


1 


$1450 


$ 450 


2 


1360 


450 


3 


1270 


450 


4 


1180 


450 


5 


1090 


5450 



We have determined that Revised Plan 1 is equivalent to a present sum of $5000 and Revised 
Plan 2 is equivalent to $5000 now; it follows that at 9% interest, Revised Plan 1 is equivalent 
to Revised Plan 2. 



Application of Equivalence Calculations 

To understand die usefulness of equivalence calculations, consider the following: 





Alternative A: 


Alternative B: 




Lower Initial Cost, 


Higher Initial Cost, 


Year 


Higher Operating Cost 


Lower Operating Cost 


0 (now) 


-$600 


-$850 


1 


-115 


-80 


2 


-H5 


-80 


3 


-115 

■. 


-80 


10 


-115 


-SO 
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Is the least-cost alternative the one that has the lower initial cost and higher operating costs 
or the one with higher initial cost and lower continuing costs? Because of the time value of 
money, one cannot add up sums of money at different points in time directly. This means 
that alternatives cannot be compared in actual dollars at different points in time; instead 
comparisons must be made in some equivalent comparable sums of money. 

It is not sufficient to compare the initial $600 against $850, Instead, we must compute a 
value that represents the entire stream of payments. In other words, we want to determine a 
sum that is equivalent to Alternative A’s cash flow; similarly, we need to compute the 
equivalent sum for Alternative B. By computing equivalent sums at the same point in time 
(“now”), we will have values that may be validly compared. The methods for accomplishing 
this will be presented later in this chapter and Chapter 4. 

Thus far we have discussed computing equivalent present sums for a cash flow. But the 
technique of equivalence is not limited to a present computation. Instead, we could compute 
the equivalent sum for a cash flow at any point in time. We could compare alternatives in 
“Equivalent Year 10 dollars rather than “now” (Year 0) dollars. Further, the equivalence 
need not be a single sum; it could be a series of payments or receipts. In Plan 3 of Table 3-1, 
the series of equal payments was equivalent to $5000 now. But the equivalency works both 
ways. Suppose we ask the question, What is the equivalent equal annual payment continuing 
for 5 years, given a present sum of $5000 and interest at 8%? The answer is $1252. 



Single Payment Compound Interest Formulas 

To facilitate equivalence computations, a series of interest formulas will be derived. To 
simplify' the presentation, we’ll use the following notation: 

e = interest rate per interest period. In the equations the interest rate is stated as a 
decimal (that is, 9% interest is 0.09). 

n = number of interest periods. 

P = a present sum of money. 

F = a future sum of money. The future sum F is an amount, n interest periods from 
the present, that is equivalent to P with interest rate i. 

Suppose a present sum of money P is invested or one year at interest rate /. At the end 
of the year, we should receive back our initial investment P, together with interest equal to 
iP, or a total amount P + e P. Factoring P, the sum at the end of one year is P (1 + i). 

Let us assume that, instead of removing our investment at the end of one year, we agree 
to let it remain for another year. How much would our investment be worth at the end of the 
second year? The end-of-first-year sum P(1 + i) will draw interest in the second year of 
e P(1 4- i ). This means that, at the end of the second year, the total investment will become 

P(1 + e) + e'P(1 + i) 



1 A more general statement is to specify “one interest period” rather titan “one year.” Since, however, 
it is easier to visualize one year, the derivation will assume that one year is the interest period. 
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This may be rearranged by factoring P{ \ + i). which gives us 

P(l+0(1 + 0 

or 

P(1 +0 2 



If the process is continued for a third year, the end -of- the- third- year total amount will be 
P(1 + i) 3 ; at the end of n years, we will have P(1 + /)". The progression looks like this: 



Year 



Amount at Beginning of 
Interest Period 



■f Interest for 

Period 



= Amount at End of 
Interest Period 



1 

2 

3 

n 



P 

P(l + 0 
P(l + /) 2 
P(1 + i)"~ 1 



+ iP 

+ iP(l+i) 
iP(l + i) 2 
+ iP(i + iy-' 



= P(l + i) 
= P( i + /) 2 
= P(1 +Q 3 
= P(1 4-r) n 



In other words, a present sum P increases in n periods to P( 1 + i) n . We therefore have a 
relationship between a present sum P and its equivalent future sum, F. 



Future sum = (Present sum) (1 + i) n 
F = P(l+i) n 



(3-3) 



This is the single payment compound amount formula and is written in functional nota- 
tion as 



F = P(F/PJ,n) 



(3-4) 



The notation in parentheses {F / P, i t n) can be read as follows: 



To find a future sum F v given a present sum, P , at an interest rate / per interest period, 
and rt interest periods hence. 



Functional notation is designed so that the compound interest factors may be written in 
an equation in an algebraically correct form. In Equation 3-4, for example, the functional 
notation is interpreted as 




which is dimensionally correct* Without proceeding further, we can see that when we derive 
a compound interest factor to find a present sum P , given a future sum F , the factor will 
be ( P/F , /, n); so, the resulting equation would be 



P = F(P/F y i, n) 



which is dimensionally correct. 






Single Payment Compound Interest Formulas 




If $500 were deposited in a bank savings account, how much would be in the account three years 
hence if the bank paid 6% interest compounded annually? 

We can draw a diagram of the problem, [Note: To have a consistent notation, we will repre- 
sent receipts by upward arrows (and positive signs), and disbursements (or payments) will have 
downward arrows (and negative signs),] 



We need to identify the various elements of the equation. The present sum P is $500. The interest 
rate per interest period is 6%, and in 3 years there are three interest periods. The future sum F is 
to be computed from the formula 



where P = $500, i = 0,06, n — 3, and F is unknown. 

Thus if we deposit $500 in the bank now at 6% interest, there will be $595.50 in the account 
in three years. 




The equation F = P (1 4- i) fl need not be solved with a hand calculator. Instead, the single payment 
compound amount factor, (1 -f iff is readily determined from computed tables. The factor is 
written in convenient notation as 




From the viewpoint of the person depositing the $500, the diagram for today " (Time — 0) through 
Year 3 is as follows: 



F = ? 



Receipts ( + $) 



0 



2 



3 



Disbursements (—$) 



P = 500 



n = 3 

i = 0.06 



F = P(l + i) n = 500(1 4- 0.06) 3 = $595.50 




and in functional notation as 



(F/I\ 6%, 3) 




Knowing /? - - 3, locate the proper row in the 6% table. 2 To fmd F given P, look in the first 



2 The appendix contains compound interest tables for rates between 1 /4 and 60%. 
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Thus, 



F = 500(F/ P, 6%, 3) = 500(1.191) = $595.50 



Before leaving this problem, let’s draw another diagram of it, this time from the bank’s point of 
view. 



P = 500 

A 



Receipts (r) 



0 



3 



Disbursements (-) 



71 = 3 
i 0.06 



F ~ ? 



This indicates the bank receives $500 now and must make a disbursement of F at the end of 
3 years. The computation, from the bank’s point of view, is 

F = 500 (F/P, 6%, 3) - 5.00(1 J. 9.1) - $595.50 

This is exactly the same as what was computed from die depositor s viewpoint, since this is just 
the other side of the same transaction. The bank’s future disbursement equals the depositor's 
future receipt. 



If we take F — P( 1 + i ) n and solve for P b then 



P = F 



1 



a + rr 



~ = FO+i) 



—n 



This is the single payment present worth formula. The equation 



P = F( 1 + 0 



— n 



(3 5) 



in our notation becomes 



P = F{P/F t i,n) 



(3-6) 




If you wish to have $800 in a savings account at the end of 4 years, and 5% interest was paid 
annually, how much should you put into the savings account now? 



F $800 i = 0,05 ii — A- P = unknown 

P F{ 1 + O '" --- 800(1 + 0,05)“ 4 - 800(0.8227) = $658.16 

Thus to have $800 in the savings account at the end of 4 years, we must deposit $658. 16 now. 
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Receipts (+) 



F = 800 

A 






> . >■ •. v‘ 

;v ; ' 

■■“V <■]' . 

• .«! •.-•X 



Di s bur s eme nts ( — ) 



4 

04)5 



P = F(P/F, i, n) .. $800( P/ h\ 5Te 






From tile compound interest tables. 

■ '■ '• |< ■ | f ■ * -5 * ,JA J gj jj - te 

( F/ F, 5%, 4) — 0.8227 
P = S8.00(0.8227) - $658.16 






r ' 






. . " ! • \ "jKC jy<y " ■ ; v 

• ii 






>iv 



f ' 






s 



or 









-V ■! 






Of* 



*• 



1 



Vi _ ..r-.-j * -j ", j7'v : 

.«■ -r 1 " ■ . «■%-." ■■ » “ II T 

■ r V ! . i t ha ‘.-V’ 

•• -V 

* V» »V »* ■■•• • i iv*v», / 

■ 



Flere the problem has an exact answer. In many situations, however, the answer is rounded 
off, recognizing that it can be only as accurate as the input information on which it is 
based. 




Suppose the bank changed their interest policy in Example 3-5 to “6% interest, compounded 
quarterly.” For this situation, how much money would be in the account at the end of 3 years, 
assuming a $500 deposit now? 













■: 7:7: 

mmmk 



First, we must be certain to understand the meaning of 6% interest, compounded quarteMy. There 
are two elements: 










6% interest: Unless otherwise described, it is customary to assume that the stated interest is 



■tyS'-yi ®sr 



r- " 



for a one-year period. If the stated interest is for other than a one-year period, the time 
frame must he dearly staled. 

Compounded quarterly: This indicates there are torn interest periods per year: that is, an 
interest period is 3 months long. 

’ ' . . 

■ 

We iffiow, that the 6% interest is an annua! rate because if it were for a different period; it would 
have been stated. Since we are dealing with four interest periods per year, it follows that the 



>v:>5 



m 



ft?? 




m 



t 












. a- 
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interest rate per interest period is 1 V 2 %. For tire total 3 -year duration, there are 1 2 interest periods. 
Thus 






- ' 



ft— h. V- 












t&a 






P = $500 / = 0.015 « = (4 x 3) == 12 F — unknown 

F ~ P (1 + 0 " = P(F/P,i,n) 

= $500(1 -F 0.015) 12 = $500 (F/P, \'h% 12) 

= $500(1.196) = $598 



A $500 deposit now would yield S598 in 3 years. 




Consider the following situation: 



Year 

0 

1 

2 

3 

4 

5 



Cash Flow 

+P 

0 

0 

-400 

0 

-600 



Solve for P assuming a 12% interest rate and using the compound interest tables. Recall that 
receipts have a plus sign and disbursements or payments have a negative sign. Thus, the diagram is: 



Receipts (-O 



0 






4 



D i s bu Fsemc nts ( — ) 









f \ 




400 






' 



600 









tv 

f-: i 



SOLUTION 






| 

1 ^ « ' 



kb 







P = 400 {P/F, m 3) + 600 (P/F, 1 2%. 5) 






■ * . ; ■> . 

f'v:'|T“x*^ r ' * ! r I 




IMa 

x-S . - - \- ■ 

i*-v. 





= 400(0.7! 18) + 600(0. 5 674 1 
= $625.16 



m - htr 



An-:' 






m 






55 






k< 



It is important to understand just what the solution. $625. 16, represents. We can Say that $625.16 
is She amount of money that would need to be invested at 12% annual interest to allow for ihe 
withdrawal of $400 at the end of 3 years and $600 at the end of 5 years. 
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Let’s examine the computations further, 

If $625.16 is invested for one year at 12% interest, it will increase to [625.16 + 
0.12(625.16)] = $700.18. If for the second year the $700.18 is invested at 12%, it will 
increase to [700.18 + 0.12(700.18)] = $784.20. And if this is repeated for another year, 
[784.20 + 0. 12(784.20)] = $878.30. 

We are now at the end of Year 3. The original $625.16 has increased through the 
addition of interest to $878.30. It is at this point that the $400 is paid out. Deducting $400 
from $878.30 leaves $478.30. 

The $478.30 can be invested at 12% for the fourth year and will increase to [478.30 + 
0.12(478.30)] = $535.70. And if left at interest for another year, it will increase to [535.70 + 
0. 12(535.70)] = $600. We are now at the end of Year 5; with a $600 payout; there is no 
money remaining in the account. 

In other words, the $625.16 was just enough money, at a 12% interest rate, to exactly 
provide for a $400 disbursement at the end of Year 3 and also a $600 disbursement at the end 
of Year 5. We end up neither short of money nor with money left over: this is an illustration 
of equivalence. The initial $625.16 is equivalent tc the combination of a $400 disbursement 
at the end of Year 3 and a $600 disbursement at the end of Year 5. 
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N OF EXAMPLE 3-8 
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There is another way to see what the $625. 16 value of P represents. 

Suppose at Year 0 you were offered a piece of paper that guaranteed you would be paid $400 
at the end of 3 years and $600 at the end of 5 years. How much would you be willing to pay for 
this piece of paper if you wanted your money to produce a 3 2% interest rate? 

This alternate statement of the problem changes the signs in the cash flow and the diagram: 



Receipts (+) 



0 



600 



400 

A 



4 



■5 



Disbursements f -) 






Year 

0 

1 

2 

3 



4 



5 



Cash Flow 

-P 

0 

0 

+400 

0 

+600 



y 

p 



Since the goal is to recover our initial investment P together with 2% interest per year, we can see 
that P must be less than the total amount to be received in the s uture (that is, $400 + 600 = $1000). 
We must calculate the present sum P that is equivalent, at 12% interest, to an aggregate of $ 
in 3 years and $600 in 5 years. 
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Since we have already derived the relationship 



P = (1 + iy n F 



we write 



" -r. •* u “ 

;V 



, *‘.,,.1 i 

in s. - 
• v ¥ it j ' 

V k " T *' '-«* 4 »_ 



E - 400(1 +0.12)” 3 +600(1 + 0.12)” 5 
= $625.17 




i his is virtually the same amount computed from the first statement of this example. [The slight 
difference is due to the rounding in the compound interest tables. For example, (1 4 0. 12) = 

0.567427, but the compound interest table for 12% shows 0.5674. J 



Both problems in Example 3-8 have been solved by computing the value of P that is 
equivalent to $400 at the end of Year 3 and $600 at the end of Year 5. In the first problem, 
we received +P at Year 0 and were obligated to pay out the $400 and $600 in later years. 
In the second (alternate formation) problem, the reverse was true. We paid — P at Year 0 
and would receive the $400 and $600 sums in later years. In fact, the two problems could 
represent the buyer and seller of the same piece of paper. The seller would receive - P at 
Year 0 while the buyer would pay — P. Thus, while the problems looked different, they 
could have been one situation examined first from the viewpoint of the seller and then from 
that of the buyer. Either way, the solution is based on an equivalence computation. 




The second set of cash flows in Example 3-8 was: 



Year 

0 

1 

2 

3 

4 

5 



Cash Flow 

-P 

0 

0 

+400 

0 

+600 



At a 12% interest rate, P was computed to be $625.17. Suppose the interest rate is increased 
to 1 5%. Will the value of P be larger or smaller? 



IUTION 



One can consider P as a sum of money invested at 15% from which one is to obtain $400 at the 
end of 3 years and $600 at the end of 5 years, A t 12%;. the required P is $625.17. At 15%, P will 
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earn more interest each year, indicating that we can begin with a smaller P and still accumulate 
enough money for the subsequent cash flows. The computation is: 

P = 400(/7 F, 1 .5%, 3) 4- 600(77 F 15%, 5} 

= 400(0.6575) + 600(0.4972) 

$561.32 

The value of P is smaller at 15% than at 12% interest. 



Summary 

This chapter describes cash flow tables, the time value of money, and equivalence. The 
single payment compound interest formulas were derived. It is essential that these concepts 
and the use of the interest formulas be carefully understood, since the remainder of this 
book and the practice of engineering economy are based on them. 

Time value of money: The continuing offer of banks to pay interest for the temporary 
use of other people’s money is ample proof that there is a time value of money. 
Thus, we would always choose to receive $100 today rather than the promise of 
$100 to be paid at a future date. 

Equivalence: What sum would a person be willing to accept a year hence instead 
of $100 today? If a 9% interest rate is considered to be appropriate, he would 
require $109 a year hence. If $100 today and $109 a year hence are considered 
equally desirable, we say the two sums of money are equivalent. But, if on further 
consideration, we decided that a 12% interest rate is applicable, then $109 a year 
hence would no longer be equivalent to $1 00 today. This illustrates that equivalence 
is dependent on the interest rate. 

Single Payment Formulas 

These formulas are for compound interest, which is used in engineering economy. 

Compound amount F = P(\ + i) n = P{FfPJ> n) 

Present worth P = F{1 + i)~ n — F(P/F,i, n) 

where / — interest rate per interest period (stated as a decimal) 
n = number of interest periods 
P — a present sum of money 

F = a future sum of money; the future sum F is an amount, n interest periods from 
the present, that is equivalent to P with interest rate i 

This chapter also defined simple interest, where interest does not carry over and become 
part of the principal in subsequent periods. Unless otherwise specified, all interest rates in 
this text are compound rates. 
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Problems 



3-1 In your own words explain the lime value of money. 
From your own life (either now or in a situation that 
might occur in your future), provide an example in 
which the time value of money would be important. 

3 -2 Magd ale n , Mi ria m . and Mary J u ne were a ske d to co n - 

sider two different cash flows: $500 that they could 
receive today and $1000 that would be received 
3 years from today* Magdalen wanted the $500 dollars 
today, Miriam chose to collect $1000 in 3 years, and 
Mary' June was indifferent between these two options. 
Can you offer an explanation of the choice made by 
each woman? 

3-3 A woman borrowed $2000 and agreed to repay it at 
the end of 3 years, together with 10% simple interest 
per year. How much will she pay 3 years hence ? 

3-4 A $5000 loan was to be repaid with 8% simple annual 
interest* A total of $5350 was paid. How long was the 
loan outstanding? 

3-5 Solve the diagram below for the unknown Q assum- 
ing a 10% interest rate. 

200 

0™ — 1 2- — "3 — - 4 

if n — 4 

Q 

(Answer: Q “ $136,60) 

3-6 The following series of payments wUl repay a present 
sum of $5000 at an 8%' interest rate. Using single 
payment factors, what present sum is equivalent to 
this series of payments at a 10% interest rate? 

End-o f-Year 
Year Payment 

1 $1400 

2 1320 

3 1 240 

4 1160 

5 1080 

3-7 A man went to his bank and borrowed $750. He agreed 

to repay the sum at the end of 3 years, together with 
the interest at 8% per year. How much will he owe 
the bank at the end of 3 years? (Answer: $945) 



3-8 What sum of money now is equivalent to $8250 two 
years hence, if interest is 4%' per 6-month period? 
(Answer: $7052) 

3-9 The local bank offers to pay 5% interest on savings 
deposits. In a nearby town, the bank pays 1.25%' per 3- 
month period (quarterly). A man who has $3000 to put 
in a savings account wonders whether the increased 
interest paid in the nearby town justifies driving his 
car there to make the deposit. Assuming he will leave 
all money in the account for 2 years, how much addi- 
tional interest would he obtain from the out-of-town 
hank over die local bank? 

3-1 0 A sum of money invested at 2% per 6-month period 
(semiannually), will double in amount in approxi- 
mately how many years? (Answer: 11 Vz years) 

3-11 The Apex Company sold a water softener to Marty 
Smith. The price of the unit was $350, Marty asked 
for a deferred payment plan, and a contract was writ- 
ten. Under the contract, the buyer could delay paying 
for the water softener if he purchased the coarse salt 
for recharging the softener from Apex. At the end of 
2 years, the buyer was to pay for the unit in a lump 
sum, with interest at a rate of 1.5% per quarter-year. 
According to the contract, if the customer ceased buy- 
ing salt from Apex at any time prior to 2 years, die 
full payment due at the end of 2 years would auto- 
matically become due. 

Six months later, Marty decided to buy salt else- 
where and stopped buying from Apex, whereupon 
Apex asked for the full payment that was to have been 
due 18 months hence. Marty was unhappy about this, 
so Apex offered as an alternative to accept the $350 
with interest at 10% per semiannual period for die 
6 months diat Marty had been buying salt from Apex. 
Which of these alternatives should Marty accept? 
Explain, 

3-12 The United States recently purchased Si billion of 
30-year zero- coupon bonds from a struggling foreign 
nation. The bonds yield 4 l A% per year interest. 
The zero-coupon bonds pay no interest during their 
30-year life. Instead, at the end of 30 years, the 
U.S. government is to receive back its $1 billion 
together with interest at 4 1 /z% per year, A U.S, senator 
objected to the purchase, claiming that die correct in- 
terest rate for bonds like this is 5 ! /4%'. The result, 
he said, was a multimillion dollar gift to the foreign 
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country without the approval of Congress. Assum- 
ing the senator's math is correct, how much will the 
foreign country have saved in interest when it repays 
the bonds at 4 l /2% instead of 5 l U% at the end of 
30 years? 

3^13 One thousand dollars is borrowed for one year at an in- 
terest rate of 1 % per month. If the same sum of money 
could be borrowed for the same period at an interest 
rate of 12 % per year, how much could be saved in 
interest charges? 

3_14 Asumof money Q will be recei ved 6 years from now. 
At 5% annual interest, the present worth now of Q 
is $60. At the same interest rate, what would be the 
value of Q in 10 years? 

3-15 In 1995 an anonymous private collector purchased a 
painting by Picasso entitled A ngel Fernandez de Soto 
for $29,152,000. The picture depicts Picasso's friend 
deSoto seated in a Barcelona cafe drinking absinthe. 
The painting was done in 1903 and valued then at 
$600. If the painting was owned by the same fam- 
ily until its sale in 1995, what rate of return did they 
receive on the $600 investment? 

3-16 (a) If $100 at Time “0" will be worth $1 10 a year 
hence and was $90 a year ago, compute the inter- 
est rate for the past year and the interest rate next 
year. 

(b) Assume that $90 invested a year ago will return 
$ 1 10 a year from now. What is the annual interest 
rate in this situation? 

How much must you invest now at 7.9% interest to 
accumulate $175,000 in 63 years? 



3-18 We know that a certain piece of equipment will cost 
$150,000 in 5 years. How much will it cost today 
using 1 0% interest? 

3-1 9 The local garbage company charges $6 a month for 
garbage collection. It had been their practice to send 
out bills to their 100,000 customers at die end of 
each 2-montb period. Thus, at the end of February it 
would send a bill to each customer for $12 for garbage 
collection during January' and February. 

Recently the firm changed its billing date: it now 
sends out the 2-month bills after one month’s service 
has been performed. Bills for January-Febmary, for 
example, are sent out at the end of January. The local 
newspaper points out that the firm is receiving half its 
money before the garbage collection. This unearned 
money, the newspaper says, could be temporarily in- 
vested for one month at 1% per month interest by the 
garbage company to earn extra income. 

Compute how much extra income the garbage 
company could earn each year if it invests the money 
as described by the newspaper. (Answer: $36,000) 

3-20 Sally Stanford is buying an automobile that costs 
$12,000. She will pay $2000 immediately and the re- 
maining $10,000 in four annual end-of-year principal 
payments of $2500 each. In addition to the $2500, she 
must pay 15% interest on the unpaid balance of the 
loan each year. Prepare a cash flow table to represent 
this situation. 



3-17 



After Completing This Chapter... 

The student should be able to: 

Solve problems modeled by the uniform series compound interest formulas. 

Use arithmetic and geometric gradients to solve appropriately modeled problems. 

■ Apply nominal and effective interest rates. 

* Use discrete and continuous compounding in appropriate contexts. 

■■ Use spreadsheets and financial functions to model and solve engineering economic 
analysis problems. 

Questions to Consider 

— — ■ — ■ — — — — — — — — — 

1. Set aside your calculator and test your intuition for a minute. What annual, rate of return 
do you suppose it would take to turn $5000 into $20 m ill ion in 51 years? 100%? 200%? 

2. Now get out the calculator. What was Anne Scheiber’s actual average annual rate of 
return during the years she was investing? 

3. How does that rate compare with the overall performance of the stock market during the 
period from 1944 to 1995? 







More Interest Formulas 





Anne Scheiber’s Bonanza 

When Anne Scheiber died in 1995, age 101, she left an estate worth more than $20 million. 
It all went to Yeshiva University in New York. The university’s officials were grateful, But 
who, they asked, was Anne Scheiber? 

She wasn’t a mysterious heiress or a busi- 
ness tycoon, it turned out. She was a retired 
IRS auditor who had started investing in 1944, 
putting $5000 — her life savings up to that 
point — into the stock market. 

Scheiber’s portfolio was not based on get- 
rich-quick companies. In fact, it contained 
mostly “garden variety” stocks like Coca Cola 
and Exxon. Scheiber typically researched stock 
purchases carefully, and then held onto her 
shares for years, rather than trading them. She 
also continually reinvested her dividends. 

Despite her increasing wealth, Scheiber 
never indulged in a lavish lifestyle. Acquain- 
tances described her as extremely frugal and 
reported that she lived as a near recluse in her 
small apartment. 

What motivated Scheiber to accumulate so 
much money? In large part, it seems to have been 
a reaction to her life experiences. Scheiber worked for over 20 years as a tax auditor but failed 
to receive promotions. She attributed her lack of professional advancement to discrimination 
against her as a Jewish woman. At her request, the endowment she left to Yeshiva University 
was used to fund scholarships and interest-free loans for women students. 
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Chapter 3 presented the fundamental components of engineering economic analysis, includ- 
ing formulas to compute equivalent single sums of money at different points in time. Most 
problems we will encounter are much more complex. Thus this chapter develops formulas 
for payments that are a uniform series or are increasing on an arithmetic or geometric gra- 
dient. Later in the chapter, nominal and effective interest are discussed. Finally, equations 
are derived for situations where interest is continuously compounded. 



Uniform Series Compound Interest Formulas 

Many times we will find uniform series of receipts or disbursements. Automobile loans, 
house payments, and many other loans are based on a uniform payment series. It will 
often be convenient to use tables based on a uniform series of receipts or disbursements. 
The series A is defined as follows: 

A = An end-of-period 1 cash receipt or disbursement in a uniform series, continuing 
forn periods, the entire series equivalent to P or F at interest rate i 

The horizontal line in Figure 4-1 is a representation of time with four interest periods 
illustrated. Uniform payments A have been placed at the end of each interest period, and 
there are as many A ’s as there are interest periods n. (Both these conditions are specified in 
the definition of A.) Figure 4-1 uses January 1 and December 31, but other 1-year periods 
could be used. 

In Chapter 3’s section on single payment formulas, we saw that a sum P at one point 
in time would increase to a sum F in n periods, according to the equation 

F = P( 1 +0" 

We will use this relationship in our uniform series derivation. 

FIGURE 4-1 The general relationship between A 
and F . 
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*In textbooks on economic analysis, it is customary to define A as an end-of-period event rather than a 
begjiuimg-of-period or, possibly, middle-of-period event. The derivations that follow are based on this 
end-of-period assumption. One could, of course, derive other equations based on beginning-of-period 
or mid period assumptions. 
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Looking at Figure 4-1, we see that if an amount A is invested at the end of each year for 
4 years, the total amount F at the end of 4 years will be the sum of the compound amounts 
of the individual investments. 

A A A A AAA A 

^ ^ ^ ^ f f ^ 4 

0 — I — 2 — 3—4 = 0— 1 — 2 — 3 — 4 + 0 — 1 — 2 — 3 — 4 + 0 — ) — 2 — 3 — -4 + 0—1—2 — 3 — 4 

l 

v 

V 

i r 

F = A(I + if + .4(1 + if + A(1 + /') 4- A 

In the general case for n years, 

F = A( 1 + if'- 1 + ■ ■ ■ + A(1 + i) 3 + A(1 + if + A(1 +i) + A (4-1) 

Multiplying Equation (4-1) by (1 + i), we have . 

(1 + i)F = A ( 1 + O' 1 + ■ ■ ■ + A (1 + if 

+ -4(1 4- if + A(L 4- if 4- A(1 + i) (4-2) 



Factoring out A and subtracting Equation 4-1 gives 




Solving Equation 4-4 for F gives 




(1 + f) fl - 1 



A(F/A, i% : n) 



i 

Thus we have an equation for F when A is known. The term inside the brackets 



(4-3) 



(4-4) 



(4-5) 



r (l +i) n - r 
/ 

is called the uniform series compound amount factor and has the notation (F/A, n). 




A man deposits $500 in a credit union at the end of each year lor 5 years. The credit union pays 
5% interest, compounded annually. At the end of 5 years, immediately after the fifth deposit, how' 
much does the man have in his account? 
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The diagram on the left shows the situation from the man's point of view; the one on the right, 
from the credit union s point of view. Either way, the diagram of the five deposits and the desired 
computation of the future sum F duplicates the situation for the uniform series compound amount 
formula 
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where A — $500, /t ~ 5. i = 0.05. F — unknown. Filling in the known variables gives 



F = $500(F,M . 5%, 5) 



5.526) = 



i mu mu 

. 

There will be $2763 in the account following the fifth deposit. 
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If Equation 4-5 is solved for A , we have 




+ 

E 

(1 +fl" ~ 1 



- F(A/ F. i%, n) 



(4-6) 



where 



* 

l 

a + n n - 1 



is called the uniform series sinking fund 2 factor and is written as (Af F, i, n). 



2 A smfa/zg /7Y7itf is a separate fund into which one makes a uniform series of money deposits (A) with 
the goal of accumulating some desired future sum (F) at a given future point in time. 
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Jim Hayes read that out west, a parcel of land could be purchased for $1000 cash. Jim decided 
to save a uniform amount at the end of each month so that he would have the required $1000 at 
the end of one year. The local credit union pays 6% interest, compounded monthly. How much 
would Jim have to deposit each month? 




In tills example, 

F — $1000 n = 12 i = 77% A — unknown 
A = 1 000(4 /F, y 2 %, 12) = 1000(0.0811) = $81.10 

Jim would have to deposit $81.10 each month. 



If we use the sinking fund formula (Equation 4-6) and substitute for F the single payment 
compound amount formula (Equation 3-3), we obtain 



A = F 
A = P 



i 

(1 + 0 " - 1 
i(l -W) n 

(1 + O" - 1 



= p(l + 0" 



/ 

(i + Jr - 1 



4= P(A/P, i%,n ) 



( 4 - 7 ) 



We now have an equation for detennining the value of a series of end-of-period payments 
or disbursements— A when the present sum P is known. 

The portion inside the brackets 



HI +/)" 
(1 + /)" - 1 



is called the uniform series capital recovery factor and has the notation (A/P, i, n). 




Consider a situation in which you borrow $5000, You will repay tne loan in 
tbe-year payments. The first payment is due one year after you receive 
loan is 8%. What is the size of each of the five payments? 
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= unknown 
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A = P(A/P , 8%, 5) - 5000(0.2505) = $1252 
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The annual loan payment is $1252. 






•:v 






In Example 4-3, with interest at 8%, a present sum of $5000 is equivalent to five equal 
end-of-period disbursements of $1252. This is another way of stating Plan 3 of Table 3-1. 
The method for determining the annual payment that would repay $5000 in 5 years with 
8% interest has now been explained. The calculation is simply 



A = 5000(A/P, 8%, 5) = 5000(0.2505) = $1252 



If the capital recovery formula (Equation 4-7) is solved for the present sum P, we 
obtain the uniform series present worth formula 



P 




'( 1+i)" - r 

t (1 + i) n 



= A(P/ A, i%, n) 



(4-8) 



and 



(P/A, i%, n) = 



'(1 +(T - 1 
i(l+0" 



which is the uniform series present worth factor. 




An investor holds a time payment purchase contract on some machine tools . The contract calls 

for the payment of $140 at the end of each month for a 5-year period. The first payment is due 

-- . 

in one month. He offers to sell you die contract for $6800 cash today. If you otherwise can make 
1 % per month on your money, would you accept or reject the investor’s offer? 
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4 = 140 

VkAAAAA.AAAA 



O 



10 



20 



30 
n - 60 
i = 1 % 



J 40 



50 



J 60 




In this problem we are being offered a contract that will pay $ 140 per month for 60 months. We 
must determine whether the contract is worth $6800, if we consider 1 % per month to be a suitable 
interest rate. Using the uniform series present worth formula, we will compute the present worth 
of the contract. 

P = A(P/AJ. n) = 140(.P/A, 1%, 60) 

= 140(44.955) 

= $6293.70 



It is clear that if we pay the $6800 asking price for the contract, we will receive less than the \ % 
per month interest we desire. We will, therefore, reject the investor’s offer. 




Suppose we decided to pay the $6800 for the time purchase contract in Example 4-4. What 
monthly rate of return would we obtain on our investment? 




In this situation, we know P , A, and n, but we do not know i . The problem may be solved by 
using either the uniform series present worth formula 

P h A{P / A, n) 

or the uniform series capital recovery formula 

A - P(A/PJ.,n) 

Either way, we have one equation with one unknown. 

P — $6800 A = $140 n — 60 i = unknown 
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P = A(P/A,i,n) 

$6800 = $140(F/A, i, 60) 

6800 

(P/A,i, 60) = = 48.571 

140 

We know the value of the uniform series present worth factor, but we do not know the interest 
rate i. As a result, we need to look through several compound interest tables and then compute 
the rate of return i by interpolation. Entering values from the tables in the appendix, we find 



a 



Interest Rate 

\/ 2 % 



— >- 



i 



70 



(P i Ay i, 60 ) 
5 1 .726 « • 
48.571 — 
48.174 



c 



d 






ifJ J > V 



y- i 

fr-’ 






it'. 



The rate of return, which is between J/ 2 % and may indeed be computed by a linear interpola- 
tion. The interest formulas are not linear, so a linear interpolation will not give an exact solution. 
To minimize the error, the interpolation should be computed using interest rates as close to the 
correct answer as possible, [Since a jb — c/d, a — b(cfd)\ we write 




•:p~v 






Rate of return i — 0.5% 4 a 

= 0.5% ; b(c/d) 



= 0.50% 4 0.25% 



/ 



51.726 -48.571 



5 1 .726 - 48.174 



= 0.50% 4 0.25% 



0,72% per month 



3.155 



3.552 



= 0.50% 4 0.22% 



The monthly rate of return on our investment would be 0.72% per month. 




Using a 15% interest rate, compute the value of F in the following cash flow: 

Year Cash Flow 
1 4100 

2 4100 

3 4100 

4 0 

5 — F 
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We see tliat the cash flow diagram is not the same as the diagram shown in Example 4-1, which 
is a sinking fund factor diagram. 

A A A 

t t t 

0 — 1 2- 3 



m 



- a: ■ - ‘ v . 



x. 




F 



Since the diagrams do not agree, the problem is more difficult than those we've discussed so 
far. The general approach to use in this situation is to convert the cash flow from its present 
form into standard forms, for which we have compound interest factors and compound interest 
tables. 

One way to solve this problem is to consider the cash flow as a series of single payments P 
and then to compute their sum F. In other words, the cash flow is broken into three parts, each 
one of which wc can solve. 
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F =* F) f F 2 + F§ = i0n(F/P 15%, 4) T fpf)(F//\ 15%, 3} + 100(F//T 15%, 2) 

i 100(1.749) % 100(1.521) % 100(1 322) 

- $459.20 
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The value of F in the illustrated cash flow is $459.20, 
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Looked at this way, we first solve for Fi . 



F{ 100 (E/A, 15 %, 3) = 100(3.472) = $347:20 

Now F\ can be considered a present sum P in the diagram 



and so 



P = Fy 



j < 



3 - 



* i 






4 



& 



I : ■ 






F 






m 







F = F] (F/P, 15%, 2) 



- 347.20(1.322) 



=s£ 



= $459.00 






3 : 






The slightly different value from the preceding computation is due to rounding in the compound 
interest tables* 

This has been a two-step solution: 

Fi = mm? A . 15%, 3) 



F - F ] (F/P, 15%, 2) 
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One could substitute the value of F\ from the first equation into the second equation and solve 
for F t without computing F\. 



'JL& 






±>M 



= 100 (F/A, 15%, 3 )(F/P, I 5%, 2) 
= 100(3.472) (1.322) 

= $459.00 
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Consider the following situation: 
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The diagram is not in a standard form, indicating that there will be a multiple-step solution. There 
are at least three different ways of computing the answer. (It is important that you understand how 
the three computations are made, so please study all three solutions.) 




P\+P±+ h 

20(P/ F, 15%, 2) + 30 (P/F, 15%, 3) + 20(F/F, 15%. 4) 
20(0.7561) +30(0.6575) T 20(0.5718) 

$46.28 
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The relationship between P and F in the diagram is 

P = F(P/F , 15%, 4) 

Next we compute the future sums of the three payments, as follows; 
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Combining the two equations, we have 

P = [F, + F 2 + 20 J (F/F. 15%, 4) 

= [20(F/F, 15%, 2) + 30 (F/F, J 5%;, 1) + 20](F/F, 15%, 4) 
= [20(1.322) + 30(1,150) + 20] (0.57 18) 

= S46.28 
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Combining, we have 

P - [20 (P/A, 1.5%, 3) + mP/F, 15%, 2)J( P/F, 15%, 1) 
= [20(2,283) + 10(0.7561 )](0.8696) 

^ S46.28 



relationships Between Compound Interest Factors 

From the derivations, we see there are several simple relationships between the compound 
interest factors. They are summarized here. 



Single Payment 

Compound amount factor 

(F/PJ.n) 



1 

Present worth factor 
1 

(P/FJ,n) 



(4-9) 



Uniform Series 



Capital recovery factor — 

(A/P,i,n) = 

Compound amount factor = 

(F/A,i,n) = 



1 

Present worth factor 

1 

(P/A,i,n) 

1 

Sinking fund factor 

1 

(A/F, i, n) 



( 4 - 10 ) 



( 4 - 11 ) 



The uniform series present worth factor is simply the sum of the n terms of the single 
payment present worth factor 



(P/A,i,n) = '£ / (P/F,i,J) ( 4 - 12 ) 

j = l 

For example: 



(P/A. 5%, 4) - (P/F, 5%, 1) + (P/F, 5%, 2) + (P/F, 5%, 3) + ( P/F, 5%, 4) 
3.546 - 0.9524 + 0.9070 + 0.8638 + 0.8227 
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The uniform series compound amoun factor equals 1 plus the sum of (n — 1) terms of 
the single payment compound amount factor 



n — 1 



( 403 ) 



For example, 

(Fj A, 5 %, 4) = 1 + (F/P, 5 %, l) + (F/P,5%,2) + (F/P, 5%, 3) 

4.310 = 1 + 1.050+ 1.102+ 1.158 

The uniform series capital recovery factor equals the uniform series sinking fund factor 
plus i\ 



(. A/P,i,n ) == (A/F, i, n) + i 



( 4 - 14 ) 



For example. 



(A/P, 5%, 4) = (A/F, 5%, 4) + 0.05 
0.2820 = 0.2320 + 0.05 



This may be proved as follows: 



(A/P t i,n) =■■ (A/ F, i, n) + i 



' i*(I + i) n 




1 


.(!+/)» - 1. 




(1 +£)" - ! 



Multiply by (1 + i) n - 1 to get 

i(I + 0" = i + i'(l + 0" - 1 = i(l + 0 n - 



Arithmetic Gradient 



It frequently happens that the cash flow series is not of constant amount A. Instead, there is 
a uniformly increasing series as shown: 



Arithmetic Gradient 
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Cash flows of this form may be resolved into two components: 
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Note that by resolving the problem in this manner, the first cash flow in the arithmetic 
gradient series becomes zero. This is done so that G is the change from period to period, 
and because the gradient ( G ) series normally is used along with a uniform series (A). We 
already have an equation for P', and we need to derive an equation for P". In this way, we 
will be able to write 

P = P' + P” = A(P/A, i, n) + G(P/G, i,n ) 

Derivation of Arithmetic Gradient Factors 

The arithmetic gradient is a series of increasing cash flows as follows: 
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The arithmetic gradient series may be thought of as a series of individual cash flows: 
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The value of F for the sum of the cash flows = F l + F u - f (- F m + F w > or 



F = G(1 + /)" * + 2G(1 + 0 " J + • • ■ + (ft — 2)(G)(1 + O' + (u — 1)G (4-15) 
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MORE IN TEREST FORMULAS 



Multiply Equation 4-15 by (1 + i) and factor out G, or 

(1 +i)F = G[(l + if~ l +2(1 +0" 2 + ' ' ■ + (n ~ 2)(1 +i) 2 + (n - 1)(1 + i) 1 ] (4-16) 

Rewrite Equation 4-15 to show other terms in the series, 

F = G[(l + ^ ~b * * ■ + (n — 3)(1 + z') 2 + (ft — 2) ( 1 + 0 1 ~r jz “ 1 ] (4-17) 



Subtracting Equation 4-17 from Equation 4-16, we obtain 

F + iF-F = G[(l + i) n ~ ] + (1 + ;)”“" + ■■ ■ + (1 + i) 2 + (l + 0 1 + 1] -«G (4-18) 



In the derivation of Equation 4-5 , the terms inside the brackets of Equation 4-18 were shown 
to equal the series compound amount factor: 



[(1 + i)"" 1 + (1 + if~ 2 + ■ ■ ■ + (1 + i) 2 + (1 +/) 1 + 1] = 



(1 + if - 1 



Thus, Equation 4-18 becomes 



iF = G 



(1 + if -1 
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Rearranging and solving for F, we write 
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(4-19) 



Multiplying Equation 4-19 by the single payment present worth factor gives 
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(4-20) 



Equation 4-20 is the arithmetic gradient present worth factor. Multiplying Equation 4-19 
by the sinking fund factor, we have 
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Equation 4-21 is the arithmetic gradient uniform series factor. 





A man has purchased a new automobile, He wishes to set aside enough money in a bank account 
to pay the maintenance on the car for the first 5 years. It has been estimated that the maintenance 
cost of an automobile is as follows: 



Year Maintenance Cost 
1 $120 

2 150 

3 180 

4 210 

5 240 

Assume the maintenance costs occur at the end of each year and that the bank pays 5% interest. 
How much should the car owner deposit in the bank now? 
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The cash flow may be broken into its two components: 
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A = 120 
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Both components represent cash flows for which compound interest factors have been derived. The 
first is a uniform series present worth, and the second is an arithmetic gradient scries present worth: 






p = A ( P / ,4 , 5%, 5) + G(P/G\ 5%, 5) 
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MORE INTEREST FORMULAS 



Note that the value of n in the gradient factor is 5, not 4. In deriving the gradient factor, we had 
(n — I) terms containing G. Here there are four terms containing G. 

Thus, (n — 1) = 4, so n =5. 

P = 120 (P/A, 5%, 5) + 30 (P/G, 5%, 5) 

= 120(4.329) + 30(8.237) 

- 519 + 247 
= $766 

He should deposit $766 in the bank now. 




On a certain piece of machinery, it is estimated that the maintenance expense will be as follows: 



Year Maintenance 
1 $100 

2 200 

3 300 

4 400 

What is the equivalent uniform annual maintenance cost for the machinery if 6% interest is 
used? 




400 

300 



3 4 



A A A 

The first cash liow in the arithmetic gradient series is zero, hence the diagram is not in proper 
form for the arithmetic gradient equation. As in Exampl 4-8, the cash flow must be resolved into 
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two components: 
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A textile mill in India installed a number of new looms. It is expected that initial maintenance 
costs and expenses for repairs will be high but will then decline for several years. The projected 



cost is: 



Year 
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The projected cash flow is not in the form of the arithmetic gradient factors. Both factors were 



derived for an increasing gradient over time. The factors cannot be used directly for a declining 
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gradient. Instead, we will subtract an increasing gradient from an assumed uniform series of 
payments. 



A = 24,000 



o~ 



o 



0 

b 



18,000 



24,000 



6000 

t 



12,000 

k 



18,000 
f 12,000 



4 = 0 



6000 

t 

4 



A 4 r 4' S 

A ' = 24,000 - 6000 (A/G t 10%, 4) 

- 24,000 — 6000(1 .38J) 

— 15.714 rupees 

The projected equivalent uniform maintenance and repair cost is 15,714 rupees per yean 




Compute the value of P in the diagram. Use a 10% interest rate. 
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With the arithmetic gradient series present worth factor, we can compute a present sum 7. 



Geometric Gradient 
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It . is important that you closely examine the location of J . Based on the way the factor was 
derived, there will be one zero value in the gradient series to the right of J . (If this seems strange 
or incorrect, review the beginning of this section on arithmetic gradients.) 



J = G(P/G. i, n) 






'■ . t .‘? L v " ' ’ 

50 (P/G, 10%, 4) (Note: 3 would be incorrect.) 




Then 



P- T{pm 10%, 2) 



To obtain the present worth of the future sum ./, use the (P j F i 



rt) factor. Combining, we 



50(77 G. 10%, 4){P/ F, 10%. 2 ) 
50(4.378) ( 0 . 8264 ) = $180.90 






Geometric oradient 



In the preceding section, we saw that the arithmetic gradient is applicable where the period- 
by-period change in a cash receipt or payment is a uniform amount. There are other situations 
where die period -by-period change is a uniform rate, g. For example, if the maintenance 
costs for an automobile are $100 the first year and they increase at a uniform rate, g, of 10% 
per year, the cash flow for the first 5 years would be as follows: 



Year* 

1 


100.00 


— 


Cash Flow 
$100.00 


2 


100.00 + 10% (100, 00) = 


100(1 + 0.10)' = 


110.00 


3 


110.00+ 10% (11 0.00) = 


100(1 +0.10) 2 = 


121.00 


4 


121.00+ 10%(121.00) = 


100(1 +0.10) 3 = 


133.10 


5 


133.10+ 10%(133,10) = 


100(1 +0.10) 4 = 


146.41 
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0 



2 



3 



4 



5 



100.00 



1 1 0.00 



121.00 



133.10"- Jf 



146.4 r 



From the table, we can see that the maintenance cost in any year is 



where g = uniform rate of cash flow increase/decrease from period 

to period, that is, the geometric gradient 
Ai = value of cash flow at Year 1 ($100 in the example) 

A,, = value of cash flow at any Year n 

Since the present worth P n of any cash flow A n at interest rate i is 



The present worth of the entire gradient series of cash flow's may be obtained by expanding 
Equation 4-24: 



$100(1 f g) n ~ x 



Stated in a more general form. 



A„ — (1 + &)" 1 



( 4 - 22 ) 



p n = A n (1 + 1)~" 



( 4 - 23 ) 



we can substitute Equation 4-22 into Equation 4-23 to get 



P n = Ai (1 + g) (1 + i)~ n 



This may be rewritten as 




( 4 - 24 ) 




( 4 - 25 ) 



Geometric Gradient 




In the genera] case, where i g, Equation 4-24 may be written out as follows: 






P = Ai(l +0“ + A) (1+i) 
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Let a = Aj (I + i) 1 and b = (1 + g)/(l + i). Equation 4-26 becomes 



P = a + ab + ah 2 + ■ ■ ■ + ab 



n-l 



Multiply Equation 4-27 by h: 



bP = ab + ab 2 + ab 3 + ■ - ■ + ab n 1 + ab n 



Subtract Equation 4-28 from Equation 4-27: 



P — bP = a — ab " 
Ed -b) — a(l -b n ) 



P = 



n(l — b n ) 
1 - b 



Replacing the original values for a and b, we obtain: 



P = A,d +0 
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( 4 - 26 ) 

( 4 - 27 ) 

( 4 - 28 ) 



(4-29) 



where i # g. 
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The expression in the brackets of Equation 4-29 is the geometric series present worth 
factor where < g. 



( PfA,gJ,n ) 



1_ _ (1 + gro +*r n 

i - g 



where i T g 



(4-30) 



In the special case of i = g. Equation 4-29 becomes 



P = AMI +i)~ l 

(P/A, g, i,n) = [n(\ + i)~ l ] where i = g (4-31) 




: * 




The first-year maintenance cost for a new automobile is estimated to be SI 00, and it increases at 
a uniform rate of 10% per year. Using an 8% interest rate, calculate the present worth of cost of 
the first 5 years of maintenance. 



STEP-BY-STEP SOLUTION 



z.m 







Maintenance 




PW of 


Year n 




Cost 




(P/F, 8%, n) 


Maintenance 


1 


100.00 


= 100.00 


X 


0.9259 = 


S 92.59 


2 


100.00+ 10%{100.00) 


= 110.00 


X 


0.8573 = 


94.30 


3 


110.00+ 10%(1 10.00) 


= 121.00 


X 


0.7938 = 


96.05 


4 


121.00+ 10%(121 .00) 


133.10 


X 


0.7350 = 


97.83 


5 


133.10+ 10% (133. 10) 


= 146.41 


X 


0.6806 = 


99.65 












$480.42 
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where / =£ g 





, - g 



= 100.00 



1 (1.10) 5 (1.08) '1 A 
_ $480.42 

- 0.02 J 



The present worth of cost of maintenance for the first 5 years is $480,42 






